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AMERICAN  SILURIAN  CRINOIDS 

By  frank  springer 

ASSOCIATE  IN  PALEONTOLOGY,  U.  S.  NATIONAL  MUSEUM 

INTRODUCTION 

Western  Tennessee  has  been  classic  ground  for  American  paleontologists 
ever  since  Gerard  Troost,  State  Geologist  of  that  state,  brought  to  the  1849  nieet- 
ing  of  the  American  Association  for  the  Advancement  of  Science  a series  of 
fossil  crinoids  collected  by  him  in  Decatur  and  neighboring  counties,  and  sub- 
mitted through  Professor  Louis  Agassiz  ^ an  imposing  list  of  genera  and  species 
new  to  science,  of  which  he  had  prepared  a monograph  with  full  descriptions  and 
numerous  illustrations.  For  want  of  funds  to  defray  the  expense,  the  mono- 
graph was  not  published  during  the  author’s  lifetime,  but  remained  buried  until 
1909,  when  it  was  issued  by  the  United  States  National  Museum  as  Bulletin  65, 
the  MS.,  together  with  the  collection,  having  been  left  by  Troost  to  the  Smith- 
sonian Institution  with  a view  to  publication.  By  that  time  most  of  the  new 
forms  had  been  described  by  other  authors,  and  the  credit  for  the  original  dis- 
coveries announced  in  his  list  was  lost  to  the  one  by  whom  it  was  so  well  deserved. 

In  1847  came  the  eminent  German  paleontologist,  C.  Ferdinand  Roemer, 
who  became  deeply  interested  in  the  prolific  fauna  of  the  Tennessee  Silurian, 
and  during  a sojourn  of  several  weeks  made  extensive  collections  in  Decatur 
County.  The  results  of  his  researches  were  published  in  i860  in  his  well  known 
monograph  entitled  “ Die  Silurische  Fauna  des  Westlichen  Tennessee,”  4to, 
Breslau,  Germany.  Many  new  species  were  brought  out,  and  the  work  has  been 
regarded  as  a standard  for  the  area  of  which  it  treats. 

The  Tennessee  A^'ea 

The  region  under  consideration  lies  along  the  Tennessee  river  and  within 
its  drainage.  It  abounds  in  natural  exposures  in  the  bluffs  of  the  river  and  its 
tributaries,  and  in  numerous  glades  where  the  fossiliferous  limestone  was  ex- 
posed on  the  surface  and  disintegrated  by  erosion  of  the  softer  overlying 
clays  and  marls.  Fossils  in  great  numbers  were  weathered  out  upon  those 
glades,  which  produced  the  greater  part  of  the  specimens  obtained  by  the  early 
collectors. 

Following  the  two  pioneers  above  mentioned.  Prof.  J.  M.  Safford  as  State 
Geologist  made  extensive  studies  of  the  Silurian  formations,  and  his  accounts 


1 Proc.  Am.  Assn.  Adv.  Sci.  (2),  VIII,  read  Aug.  1849,  vol.  2,  1850,  pp.  59-64. 
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of  the  stratigraphy  were  published  in  the  American  Journal  of  Science  for  i86i, 
and  in  his  Report  of  1869.  He  gave  to  the  Niagaran  rocks  the  collective  name 
]\feniscns,  which  he  subdivided  into  two  portions,  a lower  or  variegated  bed,  and 
an  upper,  or  sponge-bearing  bed.  He  also  made  important  collections,  which 
are  now  in  the  Museum  of  Vanderbilt  University  at  Nashville. 

In  consequence  of  the  publication  of  the  works  of  these  early  geologists,  the 
Silurian  area  became  an  attractive  field  for  collectors,  and  was  visited  from  time 
to  time  by  many  ardent  fossil  hunters,  among  them  Col.  Sidney  S.  Lyon, 
Prof.  A.  H.  Worthen,  of  Illinois,  Dr.  Carl  Rominger,  of  Michigan,  Mrs.  J.  M. 
iMilligan,  who  resided  in  Decatur  County  for  a considerable  time,  and  my  old 
associate,  Charles  Wachsmuth,  who  made  two  journeys  along  the  Tennessee 
river  during  his  sojourns  in  the  South  in  the  ’8o’s.  He  was  greatly  impressed 
with  the  richness  of  the  fossil  beds,  and  the  opportunities  which  they  offered  for 
intensive  collecting,  which  the  state  of  his  health  did  not  permit  him  to  utilize  in 
that  then  rather  wild  country — although  even  with  his  limited  facilities  he  made 
important  acquisitions. 

In  more  recent  times  the  geology  of  the  western  Tennessee  region  has  been 
studied  in  detail  by  Dr.  Aug.  F.  Foerste,  whose  valuable  paper  on  “ Silurian  and 
Devonian  Limestones  of  Western  Tennessee”  was  published  in  1903.^  He  recog- 
nized in  Saft'ord’s  variegated  beds  the  Clinton,  Osgood,  Laurel  and  Waldron 
formations  of  the  northern  areas,  and  at  the  top  of  this  division  two  new  for- 
mations, the  Lego  and  ]3ixon  beds ; while  to  the  upper  or  sponge-bearing  bed  of 
the  Meniscus  he  applied  the  new  name  Brownsport.  Still  later  investigations 
were  made  by  Prof.  W.  F.  Pate,  of  Lebanon,  Kentucky,  and  Dr.  R.  S.  Bassler, 
of  the  L^nited  States  National  Museum.  Their  joint  work  published  in  1908, 
entitled  ” The  Late  Niagaran  Strata  of  West  Tennessee,”  ^ contains  the  latest 
and  fullest  information  on  the  subject.  It  was  based  upon  several  seasons  of 
study  and  collecting  by  Mr.  Pate,  the  last  two  of  them  in  my  service,  supple- 
mented by  a careful  review  of  the  stratigraphy  by  the  two  authors  together  in 
a field  excursion  made  expressly  for  the  purpose  in  1907.  Many  sections  of 
typical  localities  are  given,  and  the  paper  should  be  consulted  for  a more  detailed 
presentation  of  the  facts  than  is  attempted  here. 

Pate  and  Bassler  found  that  the  Brownsport  and  succeeding  beds,  which 
have  furnished  by  far  the  greater  part  of  the  fossils  from  the  glade  region,  are 
separable  into  four  principal  divisions,  well  marked  faunally  and  lithologically 
for  which  they  proposed  the  formation  names  Beech  River,  Bob,  Lobelville  and 
Decatur.  The  tabulation  opposite  of  the  several  classifications  as  made  by  them 
will  be  useful  in  tracing  the  horizons  as  mentioned  in  the  works  of  different 
authors. 


1 Journal  of  Geology,  n,  pp.  554-715- 

2 Proc.  U.  S.  Nat.  Mus.,  vol.  34,  pp.  407-432. 
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The  collections  made  by  Wachsmnth  in  the  glades  of  Decatur  County,  and 
his  observations  on  the  mode  of  occurrence  of  the  fossils,  gave  me  a very  strong 
impression  of  the  possibilities  of  that  region  for  the  paleontologist.  In  1905 
I purchased  the  collection  of  Professor  Pate,  containing  among  other  material 
considerable  obtained  by  him  from  the  glades  of  Decatur  and  Perry  counties. 
From  him  I secured  additional  authentic  information  regarding  the  local  condi- 
tions and  prospects  for  further  collecting,  on  the  basis  of  which  I arranged  with 
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him  to  make  a systematic  campaign  in  that  area  the  following  season.  All  the 
crinoids  that  had  been  found  up  to  that  time  had  been  in  the  form  of  specimens 
weathered  out  upon  the  glades,  and  consisted  mainly  of  the  loose  calices  with 
which  the  arms  or  finer  structures  were  rarely  preserved.  If  the  beds  from  which 
they  came  could  be  located  in  place,  there  would  be  a possibility,  in  accordance 
with  our  long  experience  in  the  Burlington  limestone,  of  finding  some  colonies 
with  the  crinoids  imbedded  in  the  matrix  as  originally  deposited.  Accordingly, 
Mr.  Pate,  at  the  outset  of  his  excursion  in  the  summer  of  1906,  was  instructed 
to  trace  the  crinoids  by  the  fragments  to  their  layer,  and  then  dig. 
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The  first  result  of  this  method  was  to  locate  along  the  bluffs  of  Beech  River 
in  Decatur  County  an  exposure  of  shales  and  shaly  limestone  some  6o  feet  in 
thickness,  containing  the  beds  from  the  erosion  of  which  the  most  productive  of 
the  glades  were  derived.  Preliminary  tests  showed  that  some  layers  of  this 
contained  crinoids  in  place  in  good  preservation,  and  thereupon  a force  was 
organized  for  extensive  quarrying,  with  proper  blasting  equipment,  and  the 
work  of  uncovering  the  fossiliferous  layers  was  carried  on  for  the  remainder  of 
the  summer  under  Mr.  Pate’s  energetic  direction.  It  was  resumed  the  follow- 
ing summer,  during  which  by  persistent  quarrying  and  blasting  the  favorable 
exposures  were  thoroughly  excavated,  and  the  accessible  crinoid-bearing  strata 
exhausted.  These  were  chiefly  in  the  upper  shales,  now  known  as  the  Eucalypto- 
crinus  zone.  Some  smaller  exposures  in  the  vicinity  produced  the  name-giving 
genera  of  the  Troostocriniis  and  Coccocrinns  zones.  Several  years  later  Fred- 
erick Braun  was  sent  for  a final  inspection  of  the  Tennessee  river  area,  especially 
the  weathered  quarry  dumps,  which  yielded  some  excellent  additional  specimens. 

The  occurrence  of  the  crinoids  as  disclosed  by  these  quarrying  operations 
was  rather  irregular,  and  much  material  was  moved  that  proved  to  be  barren. 
But  in  the  aggregate  the  work  of  the  two  seasons  was  eminently  successful, 
yielding  a total  of  ninety-five  species  of  crinoids,  of  which  fift3^-nine  were  new, 
distributed  among  thirty-three  genera,  besides  a blastoid  and  a few  cystids.  The 
crinoids  from  the  shales  were  usually  silicified,  and  for  the  most  part  in  excellent 
preservation.  The  matrix  was  readily  removed  by  preparation,  so  that  many 
of  them  when  ready  for  study  had  the  crown  freely  exposed  on  one  or  all  sides. 
In  some  cases  considerable  colonies  were  found ; for  example,  the  hitherto  rare 
‘'Coccocrinns”  hacca,  of  which  about  a thousand  calices  were  recovered  from 
a bed  of  shaly  limestone  of  limited  area.  Taking  the  collection  as  a whole,  it  may 
be  said  without  exaggeration  that  more  finely  preserved  crinoids  were  secured  by 
Mr.  Pate’s  two  summers’  campaign  than  had  been  found  by  all  the  collectors  in 
the  Tennessee  Silurian  during  the  sixty  years  preceding. 

Many  rare  forms,  hitherto  known  only  from  isolated  or  fragmentary  speci- 
mens, occurred  in  numbers  sufficient  for  a thorough  elucidation  of  their  charac- 
ters, and  an  even  greater  number  were  entirely  new.  This  was  conspicuously 
true  for  the  Flexibilia,  the  Calceocrinidae  and  several  genera  of  Camerata,  of 
which  there  were  forms  and  specimens  such  as  had  never  been  seen  before. 
Details  of  these,  however,  will  be  better  shown  by  the  figures  upon  the  plates. 

Upon  the  broader  question  of  the  parallelism  of  the  crinoidal  fauna  with 
that  of  the  north  European  Silurian,  the  collection  furnishes  a wealth  8f  infor- 
mation confirmatory  of  the  existence  of  a migrational  connection  between  the 
two  areas.  In  several  rare  and  specialized  genera,  as  well  as  in  some  of  abundant 
occurrence,  species  are  found  which  except  for  difference  in  matrix  can  scarcely 
be  distinguished  from  the  English  or  Swedish  forms.  The  general  facies  of  the 
fauna  proclaims  a close  relationship,  and  this  impression  is  reinforced  by  the 
similarity  of  many  of  the  other  fossils. 
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The  prominent  exposures  thus  worked  belong  to  the  Beech  River  forma- 
tion of  the  Brownsport  group  as  designated  by  Pate  and  Bassler  in  their  paper 
already  mentioned,  which  they  further  ’ subdivided  into  three  zones  called  in 
ascending  order  Coccocrinus  zone,  Troostocrinus  zone  and  Eucalyptocriniis  zone. 
Of  these  the  last,  or  upper,  zone  was  by  far  the  most  important,  the  greater  part 
of  the  crinoids  having  come  from  it.  The  other  two  are  chiefly  characterized 
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by  the  forms  from  which  their  names  are  given.  Above  the  shales  is  a consider- 
able thickness  of  the  Decatur  limestone,  which  yielded  only  a few  specimens 
here,  but  at  a locality  along  the  bluffs  of  the  Tennessee  river  some  remarkably 
distinct  forms  were  obtained.  At  other  places  in  the  immediate  vicinity  the  lower 
Niagaran  formations  occur,  from  Osgood  to  Dixon,  so  that  the  principal  mem- 
bers are  represented  in  their  proper  sequence  within  a short  distance. 

To  facilitate  reference  to  the  horizons  mentioned  in  the  descriptions,  I give 
above  the  general  section  of  the  Silurian  formations  of  Tennessee  as  deter- 
mined by  Pate  and  Bassler,  together  with  the  equivalents  which  may  enter  into 
the  discussions. 
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The  Indiana  Area 

Next  to  Tennessee  the  most  important  western  Silurian  area  is  in  Indiana, 
which  is  the  typical  region  for  the  three  lower  Niagaran  formations.  The  first 
important  development  there  was  made  by  James  Hall  and  under  his  direction 
at  Waldron,  in  the  shale  beds  which  bear  its  name.  Among  a wealth  of  other 
fossils  these  produced  a remarkable  crinoidal  fauna,  containing  numerous  new 
forms  which  were  described  by  Hall  in  several  publications  from  1869  to  1882. 

Underlying  the  Waldron,  at  the  town  of  St.  Paul  in  the  same  vicinity,  is  an 
immense  exposure  of  the  Laurel  formation,  a massive  limestone  of  considerable 
thickness,  which  has  yielded  a crinoid  fauna  of  a facies  markedly  different  from 
those  of  the  other  Silurian  members.  An  excellent  collection  from  this  area  was 
made  by  the  Doctors  Howard,  which  was  accjuired  by  the  Geological  Survey  of 
Indiana  and  formed  the  basis  of  descriptions  by  S.  A.  Miller  in  the  17th  and  i8th 
Annual  Reports.  Dr.  C.  C.  Washburn  also  made  an  extensive  collection  from 
which  a choice  selection  of  crinoids  passed  into  my  hands,  the  main  collection 
being  afterwards  acquired  by  the  University  of  Chicago.  Good  crinoid  material 
was  obtained  at  St.  Paul,  as  well  as  in  the  Wabash  area  to  the  north  and  the 
Osgood  beds  to  the  south,  by  A.  C.  Benedict,  and  in  the  Waldron  shale  at  Harts- 
ville  by  Dr.  Moses  Elrod,  both  of  which  were  subsecjuently  acquired  by  me,  as 
was  also  the  large  collection  of  Mr.  John  F.  Hammell,  of  Madison,  Indiana, 
which  contained  important  material  from  all  these  formations. 

The  northern  area  of  Wabash,  Grant  and  Madison  counties  presents  differ- 
ences in  the  crinoid  content  from  the  I.aurel  which  suggest  a connection,  in  part 
at  least,  with  the  Racine  dolomite  of  the  Chicago  area.  The  most  characteristic 
species  of  the  St.  Paul  rocks  are  not  found  there,  although  some  of  the  northern 
species  are  thought  to  occur  at  St.  Paul.  The  geology  of  the  Indiana  Niagaran 
has  been  carefully  studied  by  Dr.  Foerste,  and  his  papers  on  the  subject  will  be 
found  fully  instructive.^ 

Being  greatly  impressed  with  the  possibilities  of  the  St.  Paul  exposures  of 
the  Laurel  formation,  and  the  striking  character  of  its  fauna  as  indicated  by 
the  earlier  collections,  I made  some  special  efforts  from  time  to  time  to  secure  a 
more  complete  representation  of  its  contents.  The  crinoids  were  chiefly  con- 
tained in  the  softer  interbedded  layers  between  the  beds  of  massive  limestone 
which  were  extensively  Cjuarried  for  commercial  purposes.  These  layers  consti- 
tuted the  debris  of  the  quarries  left  in  scattered  dumps,  in  which  the  specimens 
became  exposed  by  weathering  from  year  to  year,  affording  the  main  resource 
of  the  collectors.  No  prolific  colonies  were  uncovered,  and  no  great  quantity  of 
specimens  was  observed,  but  the  preservation  was  excellent,  and  new  or  rare 
forms  were  always  to  be  expected.  Careful  overhauling  of  this  material  was 
made  under  my  direction  during  several  years  by  Charles  S.  Beachler  in  1887, 


i2ist  Ann.  Rep.  Dep.  Geol.  Indiana,  1896,  pp.  213-288;  22d  ibid.,  1897,  pp.  195-255- 
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Frederick  Braun  in  1911,  and,  most  important  of  all,  durino-  the  three  seasons 
of  1915,  1916,  and  1917  by  my  former  assistant,  the  late  Dr.  Herrick  E.  Wilson, 
who  had  before  that  made  some  collections  there  for  the  University  of  Chicago. 
Local  conditions  were  favorable  during  his  campaigns,  which  were  fairly  suc- 
cessful, and  among  his  accjuisitions  were  some  of  the  important  types  described 
in  this  work. 

The  Neiv  York  Area 

Tn  the  eastern  Silurian  area  the  classic  locality  is  Lockport,  New  York. 
Extensive  exposures  of  the  Rochester  shale  yielded  a rich  and  varied  fauna, 
among  which  were  many  new  forms  of  crinoids  which  formed  the  types  of 
genera  and  species  described  by  Hall  in  the  earlier  volumes  of  the  Paleontology 
of  New  York.  The  pioneer  collections  made  by  Professor  Hall  and  Colonel 
Jewett  ultimately  passed  into  the  possession  of  the  American  Museum  of  Natural 
History  at  New  York,  and  the  State  Museum  at  Albany,  where  I have  been 
afforded  abundant  opportunity  for  their  study,  as  well  as  the  types  of  Hall’s 
numerous  species  from  Waldron.  Another  fine  collection  from  the  same  forma- 
tion at  Grimsby,  Ontario,  was  assembled  by  the  eminent  financier,  the  late 
Sir  Edmund  Walker,  which  was  also  placed  at  my  disposal,  and  is  now  in  the 
University  of  Toronto. 

The  most  intimate  and  protracted  study  of  the  Lockport  beds,  shales  and 
underlying  limestones,  was  made  by  the  resident  physician.  Dr.  E.  N.  S.  Ringue- 
berg.  During  a residence  of  more  than  thirty  years  he  accumulated  a large  col- 
lection which  formed  the  basis  of  several  important  publications  by  him  from 
1882  to  1890,  in  which  a number  of  new  genera  and  species  were  described. The 
crinoids  and  cystids,  including  the  types  of  Ringueberg’s  species,  were  acquired 
by  me,  and  form  an  important  part  of  the  material  studied.  In  addition  to  this, 
I have  the  fruits  of  three  campaigns  in  the  years  1910,  1912  and  1914  at  Lockport 
by  the  veteran  collector,  Erederick  Braun,  in  my  service.  In  the  course  of  an 
intensive  study  of  the  shales  he  carried  on  large  quarrying  operations  where  the 
conditions  were  found  favorable.  Some  of  his  acquisitions  were  of  the  greatest 
importance,  notably  among  the  Elexibilia  and  the  aberrant  genus  Myelodaetyhis, 
as  fully  described  in  my  monograph  of  the  former  group  of  1920,  and  in  the 
paper  on  Unusual  Eorms  of  Eossil  Crinoids,  of  1926. 

While  the  Lockport  fauna  does  not  fall  strictly  within  the  limits  of  this 
work,  some  consideration  of  it  is  essential  for  purposes  of  comparison,  as  the 
formation  is  to  be  correlated  with  the  Osgood  of  the  Indiana  area. 

1 Two  New  Species  of  Crinoids  from  Shale  of  the  Niagara  Group.  Jour.  Cin.  Soc.  Nat.  Hist.,  Oct.,  1882, 
p.  1 19;  New  Fossils  from  the  Niagara  Period,  Proc.  Acad.  Nat.  Sci.  Phil.,  1884,  p.  144;  New  Genera  and 
Species  of  Fossils  from  the  Niagara  Shales,  Bull.  Buff.  Soc.  Nat.  Sci.,  1886,  p.  5;  Some  New  Species  of 
Fossils  from  the  Niagara  Shales,  Proc.  Acad.  Nat.  Sci.  Phil.,  1888,  p.  131 ; The  Niagara  Shales  of  Western 
New  York,  Am.  GeoL,  May,  1888,  p.  263:  The  Calceocrinidae : A Revision  of  the  Family,  and  Description 
of  New  Species,  Ann.  New  York  Acad.  Sci.,  1880,  p.  388;  The  Crinoidea  of  the  Lower  Niagara  Limestone 
at  Lockport,  Ann.  N.  Y.  .Acad.  Sci.,  July,  1890,  p.  301. 
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The  Chicago  Area 

Another  important  Silurian  area  to  be  considered  by  way  of  comparison 
is  that  of  the  Racine  dolomite  at  Chicago,  which  has  produced  a considerable 
crinoidal  fauna,  heretofore  fully  worked  up  and  described  by  Stuart  Weller  ^ 
and  A.  W.  Slocom."  In  this  formation  the  calcareous  test  of  the  crinoids  has 
been  largely  dissolved  by  chemical  action,  so  that  for  the  most  part  only  the  inter- 
nal casts  are  preserved.  For  this  reason  close  comparison  of  characters  is  usually 
difScult.  But  the  general  facies  of  the  fauna  is  very  important,  differing  in  many 
respects  from  those  of  southern  Indiana  and  Tennessee,  and  paralleling  that  of 
the  European  Silurian  in  the  presence  of  the  highly  specialized  genus  Crotalo- 
crinus.  In  this  it  is  reinforced  by  the  occurrence  in  the  equivalent  Hopkinton 
dolomite  of  Iowa  of  the  equally  specialized  Petalocrinus,  also  of  Gotland. 

The  Foreign  Silurian 

In  view  of  the  close  parallelism  between  the  American  Silurian  and  that 
of  northern  Europe  before  alluded  to,  it  became  desirable  to  secure  an  adequate 
representation  of  the  crinoids  from  the  two  principal  localities,  Dudley  in  Eng- 
land, and  the  island  of  Gotland,  Sweden.  I had  the  advantage  during  a sojourn 
in  Europe  in  1887  of  personal  examination  and  study  of  the  great  Silurian  col- 
lections in  the  British  Museum,  and  in  the  Dudley  Museum,  and  also  of  several 
private  collections  at  Dudley  during  a visit  to  that  field,  especially  those  of 
Mr.  Charles  Holcroft,  now  in  the  Birmingham  Museum,  of  Mr.  John  Gray, 
since  acquired  by  the  British  Museum,  and  of  Mr.  William  Madely.  Through 
the  good  offices  of  Messrs.  Holcroft  and  Madely,  and  from  other  local  collectors, 
I was  able  to  secure  considerable  useful  material  from  that  famous  locality, 
which  has  been  increased  by  purchases  and  exchanges  since.  From  Gotland  the 
more  common  species  were  obtained  from  time  to  time  from  dealers,  and  rarer 
ones  from  the  Riks  Museum  at  Stockholm  by  exchange,  thanks  to  the  liberality 
of  my  good  friend  Prof.  G.  Lindstrom.  In  more  recent  years  I secured  the  ser- 
vices of  local  collectors  on  the  island,  first  of  Prof.  G.  Klinteberg,  and  after- 
wards of  Mr.  A.  Florin,  an  experienced  collector,  who  knew  the  geology  of  the 
island  thoroughly,  whom  I engaged  for  a season’s  operations  with  blasting  equip- 
ment. This  resulted  in  some  valuable  acquisitions  in  the  way  of  rare,  and  even 
new,  forms,  which  have  aided  materially  in  the  comparative  study  of  the  faunas. 

All  of  the  material  thus  accumulated  forms  part  of  my  personal  collection 
in  the  United  States  National  Museum,  where  it  will  remain  in  perpetuity. 

The  total  number  of  species  herein  illustrated  and  discussed  is  198  belong- 
ing to  63  genera;  of  these  74  species  are  new  and  12  undetermined.  They  are 
distributed  as  follows:  Camerata,  total  103,  new  43,  undetermined  12;  Flexi- 
bilia,  total  18,  new  3 ; Inadunata,  total  77,  new  28. 


1 Bull.  Chicago  Acad.  Sci.,  4,  pt.  i,  1900. 

2 Field  Columbian  Museum,  2,  Geol.  Ser.,  No.  10,  1908 
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Origin  of  the  Work 

The  idea  of  a systematic  work  upon  the  American  Silurian  crinoids  was 
first  suggested  by  the  account  of  the  wonderful  crinoidal  fauna  of  Gotland  by 
Angelin  in  his  Iconographia  Crinoideorum,  and  afterward  by  Bather  in  the  Cri- 
noidea  of  Gotland,  and  by  my  observations  upon  the  English  collections  from 
the  Dudley  area  above  mentioned.  The  collections  made  by  Wachsmuth  in  Ten- 
nessee and  Beachler  in  Indiana  indicated  a certain  correspondence  between  the 
Silurian  crinoidal  faunas  of  the  two  continents  which  offered  an  inviting  subject 
for  investigation,  and  it  was  probably  this  consideration  which  induced  the  be- 
ginning of  efforts  toward  the  assembling  of  material  with  reference  to  it.  It  was 
not  until  the  discovery  of  the  rich  collections  made  by  Pate  in  1906-7  that  the 
plans  took  definite  shape  with  the  starting  of  drawings  by  Mr.  Chapman,  con- 
current with  the  work  upon  the  Flexibilia.  These  were  prosecuted  from  time  to 
time  in  a desultory  way,  as  the  demands  of  business  and  of  other  work  permitted, 
and  were  continued  as  additional  material  was  acquired.  Preliminary  studies 
and  notes  were  made  in  the  same  irregular  way,  but  it  was  only  in  1923  that  I 
found  myself  in  a position  to  assemble  the  drawings,  and  begin  the  final  prepa- 
ration of  the  text. 

At  this  point  the  work  was  suspended  by  a protracted  physical  breakdown 
incident  to  an  impaired  heart,  from  which  a slow  recovery  has  enabled  me  to 
resume  it  at  intervals.  That  I have  been  able  to  bring  the  work  to  a conclusion 
is  a result  that  was  not  expected;  and  for  which  I am  profoundly  thankful. 

In  conformity  with  the  preparatory  field-work,  this  treatise  is  chiefly  limited 
to  the  Silurian  faunas  of  Tennessee  and  Indiana.  The  crinoids  of  the  Lockport 
field  have  been  thoroughly  treated  by  Plall  and  Ringueberg,  and  a few  of  them 
since  by  myself.  Weller’s  and  Slocom’s  works  upon  the  Chicago  crinoids  cover 
that  field  exhaustively.  Therefore,  except  for  incidental  reference  to  a few 
forms  for  special  reasons,  it  has  not  been  deemed  necessary  to  include  those  of 
either  field.  For  a similar  reason  I am  omitting  most  of  the  Waldron  species, 
which  were  so  fully  described  by  PTall. 

The  effort  is  made  to  reduce  the  treatment  of  species  to  a simple  presenta- 
tion of  the  essential  facts,  avoiding  so  far  as  possible  the  formal  recital  of  char- 
acters which  often  becomes  irksome.  In  some  instances,  where  a form  or  group 
has  been  the  subject  of  extended  discussion  hitherto,  or  where  the  acquisition 
of  new  material  has  thrown  important  light  upon  forms  or  questions  before 
obscure,  full  latitude  is  employed.  This  will  account  for  some  differences  in 
method  that  may  be  noticeable. 

In  the  descriptions  it  has  not  been  thought  necessary  to  include  tables  of 
dimensions.  They  are  usually  only  a pedantic  incumbrance,  inasmuch  as  the 
same  information  is  more  conveniently  furnished  by  the  drawings,  which  are 
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always  made  to  scale  upon  a photographic  basis,  and  are  of  natural  size  except 
as  indicated  in  the  legend. 

While  the  chief  purpose  of  this  treatise  is  to  bring  to  light  the  new  genera 
and  species  which  have  been  discovered  within  the  areas  hereinbefore  indicated, 
it  is  also  hoped  to  increase  our  knowledge  of  forms  previously  known  where  new 
information  has  been  gained  by  later  discoveries.  But  where  such  species  have 
already  been  adequately  illustrated  and  described,  they  will  not  be  included  here. 

As  to  synon3miy.  Dr.  Bassler’s  Bibliographic  Index  of  Ordovician  and 
Silurian  Fossils,  published  by  the  United  States  National  Museum  as  Bulletin  94, 
in  1915,  brings  references  to  all  essential  literature  relative  to  American  genera 
and  species  down  to  that  date  in  the  greatest  detail  and  most  convenient  form. 
The  publication  has  been  widely  distributed,  and  is  available  in  every  scientific 
library  and  in  the  hands  of  all  working  paleontologists.  It  is  therefore  unneces- 
sary to  encumber  these  pages  with  the  usual  full  citations  of  authors  previous  to 
that  date,  inasmuch  as  a simple  reference  to  that  work  will  alTord  all  the  needful 
information.  I am  thus  at  liberty  to  limit  my  references  covering  dates  previous 
to  1915  to  such  of  the  treatises  as  may  for  the  sake  of  clarity  or  convenience  be 
deemed  of  special  importance  in  the  history  of  the  form  under  consideration. 

In  the  notation  of  Horizon  and  Locality  in  connection  with  species,  I am 
avoiding  the  needless  repetition  of  the  term  “ Silurian,”  inasmuch  as  all  species 
herein  described,  unless  otherwise  stated,  are  from  that  horizon,  and  reference 
to  the  respective  formations  is  usually  cjuite  sufficient  to  identify  the  geological 
position. 

The  material  upon  which  this  work  is  based  is  derived  from  the  following- 
sources,  consisting  of  collections  either  made  for,  or  acquired  by,  myself,  and 
now  in  the  United  States  National  IMuseum,  and  those  belonging  to  other  own- 
ers which  I have  been  privileged  to  study : 

Author  s Collections  Used 
Rochester  Shale;  Lockport,  New  York 

By  Frederick  Braun,  1910,  1912,  1914.  From  Dr.  E.  N.  S.  Ringueberg, 
collection,  Lockport. 

Osgood,  Laurel  and  Waldron  ; Indiana  and  Tennessee 

By  Charles  S.  Beachler,  1887;  St.  Paul  and  Waldron.  Braun,  1911;  at 
St.  Paul.  Bassler  and  Braun,  at  Newsom,  Tennessee.  Llerrick  E.  Wilson,  1915, 
1916,  1917;  St.  Paul,  Indiana. 

From  Dr.  Moses  Elrod,  collection;  Flartsville,  Indiana.  Dr.  C.  C.  Wash- 
burn; Waldron,  Indiana.  Mr.  John  E.  Hammell,  collection;  Madison,  Indiana, 
including  that  of  A.  C.  Benedict;  St.  Paul  and  other  southern  localities  and 
northern  area. 
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Late  Niagaran  (Brownstort)  ; Tennessee 

By  Charles  Wachsmiith,  1885  to  1888.  W.  F.  Pate,  1906,  1907.  Braun, 
191 1. 

From  Col.  S.  S.  Lyon,  collection,  1859  to  i860.  Mrs.  J.  M.  IMilligan,  collec- 
tion; Jacksonville,  Blinois.  Pate,  collection;  before  1906. 

Other  Collections  Studied 

American  Museum  Natural  Flistory,  New  York,  Flail  Collection;  Lockport. 
State  Museum,  New  York,  Albany,  Hall  and  Jewett  collections;  Lockport  and 
Waldron.  Sir  Edmund  Walker,  Toronto;  Grimsby,  Ontario.  Walker  Museum, 
University  of  Chicago;  Chicago  area  and  St.  Paul.  University  of  Illinois,  Cham- 
paign; Worthen  collection.  Vanderbilt  University,  Nashville;  Safford  collec- 
tion. United  States  National  Museum;  Containing  Troost  collection,  Tennes- 
see; Rominger  collection,  Tennessee  and  Michigan;  Mr.  Ulrich’s  collection  of 
Ordovician  from  Minnesota. 

British  Museum;  London.  Dudley  Museum;  Dudley,  England. 

All  of  these  last  mentioned  collections  were  most  generously  placed  at  my 
disposal  for  study,  for  which  I am  deeply  indebted  to  the  owners  and  authorities 
in  charge  of  them. 

I am  also  under  renewed  obligation  to  Hon.  Charles  D.  Walcott,  Secretary 
of  the  Smithsonian  Institution;  to  Dr.  Geo.  P.  Merrill,  head  of  the  Division  of 
Geology  in  the  National  Museum,  for  their  continued  interest  in  my  researches; 
to  Dr.  R.  S.  Bassler,  Curator  of  Paleontology,  for  his  unflagging  assistance 
during  their  prosecution ; and  to  Miss  iMargaret  W.  Moodey,  Registrar  in  the 
Division  of  Geology,  who  has  direct  charge  of  my  collection  and  library,  and 
has  administered  my  office  in  the  National  Museum  during  my  protracted  dis- 
ability, when  I was  endeavoring  to  complete  the  later  stages  of  this  work  through 
the  medium  of  correspondence.  This  involved  numerous  commissions  in  the 
way  of  selecting  and  sending  specimens,  hooks  and  notes,  looking  up  references, 
and  attending  to  the  endless  details  incident  to  such  investigations.  All  of  these 
were  executed  by  her,  under  advice  of  Dr.  Bassler  when  needed,  with  a zeal  and 
intelligent  interest  that  met,  and  often  anticipated,  every  recjuirement. 

The  drawings  for  the  plates  have  been  in  the  course  of  execution  during 
a period  of  more  than  fifteen  years,  by  Mr.  Kenneth  M.  Chapman,  of  Santa  Fe, 
New  Mexico,  the  artist  of  many  of  my  former  works.  They  are  based  upon 
photographs  made  by  himself  at  first,  and  in  the  later  stages  by  Dr.  Bassler  and 
Dr.  C.  E.  Resser.  To  his  keen  observation  I owe  their  accuracy  of  details,  and 
as  works  of  art  the  drawings  speak  for  themselves. 

Except  as  otherwise  stated,  the  originals  of  all  the  drawings,  including  the 
types  of  the  new  species  herein  described,  are  in  the  author’s  collection  in  the 
United  States  National  IMuseum. 
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Order  CAMERATA  Wachsmuth  and  Springer 

Crinoidea  in  which  the  lower  brachials  take  part  in  the  dorsal  cup.  All  plates  of 

CALYX  UNITED  BY  CLOSE  SUTURE  AND  IMMOVABLE.  MoUTH  AND  FOOD-GROOVES  COMPLETELY 
COVERED,  THE  COVERING  PIECES  OF  THE  LATTER  FREQUENTLY  INCORPORATED  IN  THE  TEG- 

MEN.  Anal  opening  excentric  of  subcentral,  frequently  at  the  end  of  a tube. 
Arms  uniserial  or  biserial,  and  pinnulate. 

The  crinoids  of  this  order  constitute  more  than  half  of  those  herein  treated,  embracing 
31  genera  of  which  7 are  new,  and  43  new  species  out  of  a total  of  103.  Important  new  light 
is  shed  upon  some  forms  heretofore  not  well  understood  such  as  Gazacrinus,  Lampterocrinus 
and  Lyonicrinus.  The  most  prolific  of  the  genera  is  Marsipocrmns,  hitherto  accounted  rare, 
which  now  appears  from  the  Tennessee  area  to  the  number  of  10  species,  some  of  them  in  a 
preservation  and  with  a wealth  of  individuals  before  unknown. 


Family  DIMEROCRINIDAE  Bather 

This  family,  embracing  substantially  all  dicyclic  Camerata  with  truncate 
post.  B in  which  the  RR  are  in  contact  except  at  the  anal  side,  while  it  has  an 
extreme  range  from  Ordovician  to  Devonian,  is  essentially  a Silurian  form,  of 
which  we  have  four  well  marked  genera  in  the  present  collection. 

DIMEROCRINUS  Phillips 
Plate  I 

Dimerocrinitcs  Phillips  in  Murchison’s  Sil.  Syst.,  1839,  p.  674. 

Dimerocrinus  D’Orbigny,  Prodr.  Pah,  i,  1850,  p.  46. — Wachsmuth  and  Springer,  Rev.  Pah,  2,  1881,  pp.  184, 
197. — Bather,  Treatise  on  Zooh  (Lankester),  3,  1900,  p.  198. — Zittel-Eastman,  Textb.  Pah,  2d  Ed., 
1913,  p.  187. — Jaekel,  Phylogenie  und  System,  1918,  p.  41. — Bassler,  Bibliogr.  Index,  Bull.  92,  U.  S. 
Nat.  Mus.,  1915,  p.  438. 

Thysanocrinus  Hall,  Pah  New  York,  2,  1852,  pp.  188,  355. — Wachsmuth  and  Springer,  N.  A.  Crin.  Cam., 
1897,  p.  190. 

Glyptaster  Hall,  Pah  New  York,  2.  1852,  p.  187;  28th  Rep.  New  York  St.  Mus.,  1879,  p.  131. — Wachsmuth 
and  Springer,  Rev.  Pah,  2,  1881,  p.  193. 

Eucrinus  Angelin,  in  part.  Icon.  Crin.  Suecc.,  1878,  p.  198. 

Calyx  rather  elongate;  IBB  5 ; post.  B truncate;  first  anal  plate  in  line  with 
RR,  followed  by  3 in  second  range;  iBr  in  several  ranges;  anus  without  a tube; 
arms  biserial,  simple,  2 or  4 to  the  ray,  directed  upwards ; column  round. 

Genotype.  Dimerocrinus  decadactylns  Phillips. 

Distribution.  Silurian  ; England,  Gotland,  America. 

This  genus  is  well  represented  in  the  English  Silurian  under  Phillips’  type  from  Dudley, 
in  Gotland  by  several  species  under  the  name  Eucrinus,  and  in  America  by  a series  of  species 
under  Thysanocrinus  and  Glyptaster,  to  which  must  now  be  added  important  new  forms  from 
the  Tennessee  collections.  In  the  monograph  of  Crinoidea  Camerata  of  1897  priority  was 
given  to  the  name  Thysanocrinus,  a course  which  has  since  been  modified  in  favor  of  the  per- 
fectly recognizable  type  described  by  Phillips. 
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Dimerocrinus  planus  new  species 
Plate  I,  jigs,  i-j 

A finely  preserved  species,  with  elongate  conical  calyx,  smooth  surface,  and 
very  stout  arms  2 to  the  ray;  the  interbrachial  system  is  well  developed  in  sev- 
eral ranges,  by  which  the  brachials  are  incorporated  to  the  third  or  fourth  IIBr. 
IBB  small,  rarely  visible  from  a side  view.  Anus  directly  through  the  tegmen. 
Column  long,  composed  of  uniformly  short  columnals,  averaging  about  .2  mm. 

This  is  a conspicuous  fossil  in  the  Tennessee  Silurian,  of  which  besides  the  seven  speci- 
mens figured  there  are  a number  of  others  showing  similar  characters.  In  having  only  ten 
arms  it  is  closer  to  the  Dudley  species  than  to  those  from  Gotland. 

Horizon  and  locality.  Beech  River  formation,  Brownsport  group,  Niagaran ; Decatur 
County,  Tennessee. 

As  collections  are  made,  it  is  not  always  possible  to  give  the  subdivision  from  which  the 
species  is  derived.  For  the  Beech  River  formation,  by  far  the  greater  part  of  the  specimens 
are  from  the  upper,  Eucalyptocrinns,  zone. 

Dimerocrinus  milliganae  (Miller  and  Gurley) 

Plate  I,  fig.  8 

Glyftastcr  milliganae  Miller  and  Gurley,  Bull.  lo,  Illinois  St.  Mus.,  1896,  p.  87,  pi.  5,  figs.  7-9. 

I am  figuring  the  type  of  this  Tennessee  species,  formerly  in  the  collection 
of  Mrs.  J.  M.  Milligan.  Only  the  calyx  is  preserved,  but  it  is  well  differentiated 
by  the  prominent  ridges  along  the  basal  and  radial  series,  more  angular  contour 
generally,  and  larger  IBB. 

Horizon  and  locality,  same  as  last. 

Dimerocrinus  nodobasis  new  species 
Plate  I,  figs,  g,  lo 

Similar  to  D.  planus  but  differing  in  the  presence  of  sharp  angular  cusps 
upon  the  basals;  the  IBB  are  extremely  small,  entirely  concealed  by  the  top 
columnal. 

Horizon  and  locality,  same  as  last. 

Dimerocrinus  inornatus  (Hall) 

Plate  I,  figs,  ii,  12 

Glyptaster  inornatus  Hall,  Trans.  Alb.  Inst.,  4,  1863,  p.  205;  28th  Rep.  New  York  St.  Mus.  1879  p.  134 
pi.  14,  figs.  1-6. — Bassler,  Bibliogr.  Index,  1915,  p.  439. 

A massive  species  with  strongly  nodose  basals,  producing  a stellate  base. 
From  the  Waldron  formation,  Hartsville,  Indiana.  D.  {Glyptaster)  occidentalis 
(Hall),  28th  Rep.  New  York  St.  Mus.,  1879,  p.  133,  pi.  13,  figs.  7-1 1,  a much 
more  delicate  species  with  sharp  surface  sculpturing,  is  from  the  same  formation 
at  Waldron. 
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To  the  foregoing  American  species  may  be  added  Rhodocrinus  halli  Lyon,  from  the 
Louisville  limestone,  a doubtful  species  from  the  Waldron,  three  species  from  the  Racine 
dolomite,  five  from  the  Rochester  shale,  and  one  from  the  Helderbergian — all  as  listed  in 
Bassler’s  bibliography. 

The  following  five  species  of  Angelin  from  Gotland,  Encrinus  interradialis,  ornatus, 
laevis,  qiiinqangidaris  and  speciosiis,  with  4 arms  to  the  ray,  are  referred  tO’  this  genus,  and 
probably  two  or  more  of  them  are  synonyms. 

Eudimerocrinus  multibrachiatus  new  genus  and  species 
Plate  I,  figs,  ig,  iga,  h,  14 

The  difference  in  arm  structure  between  this  and  all  species  referred  to 
Dimerocrinus  is  so  great  that  to  be  consistent  with  the  practice  followed  in  other 
cases,  it  seems  imperative  to  propose  a new  genus  for  its  reception.  While  in 
those  forms  the  arms  are  always  simple,  not  branching  beyond  the  calyx,  here 
they  undergo  several  bifurcations  at  wide  angles  up  to  as  many  as  three,  giving 
6 or  8 final  branches.  These  are  all  stout,  and  biserial  both  above  and  below  the 
bifurcations — a type  of  arm  highly  distinctive  of  several  genera,  such  as 
Abacocrimis,  Clonocrinus,  Megistocrinus,  etc.  In  the  composition  of  the  calyx 
there  is  no  difference,  and  with  specimens  consisting  of  the  calyx  alone  it  would 
be  impossible  to  point  out  any  character  for  distinction  more  than  specific.  But 
we  have  two  unusually  fine  specimens,  with  the  arms  almost  completely  pre- 
served to  the  numerous  bifurcations,  and  both  entirely  freed  from  the  matrix, 
so  that  the  characters  of  the  calyx  are  fully  disclosed  on  all  sides.  The  surface 
structure  is  remarkably  clear  and  distinct,  with  strong  sculpturing,  many  of  the 
plates  sharply  projecting  and  almost  spinose. 

If  in  this  species  the  interbrachials  extended  down  to  a connection  with  the  basals,  it 
might  fairly  go  with  Eiicrimis  veniistus  and  E.  minor  of  Angelin,  for  which  Wachsmuth  and 
Springer  established  the  genus  Anthemocrinus'^  under  the  Rhodocrinidae. 

Horizon  and  locality.  Beech  River  formation,  Brownsport  group,  Niagaran ; Decatur 
County,  Tennessee. 


CYPHOCRINUS  S.  A.  Miller 
Plate  I 

Cyphocrinus  Miller,  i8th  Ann.  Rep.  Dep.  Geol.  Indiana,  1894,  p.  304  (adv.  sheets  1892). — Bather,  Treatise 
on  Zool.,  3,  1900,  p.  199. — Weller,  Bull.  Chicago  Acad.  Sci.,  4,  pt.  i,  p.  75  (synonymy  discussed). — 
Zittel-Eastman,  Textb.  Pal.,  2d  Ed.,  1913,  p.  187. — Bassler,  Bibliogr.  Index,  1915,  p.  340. 

Hyptiocrinus  Wachsmuth  and  Springer,  Am.  Geol.,  10,  1892,  p.  138;  N.  A.  Grin.  Cam.,  1897,  p.  200. 

Calyx  constructed  as  in  Dimerocrinus,  but  low,  wide,  and  recurving  from 
a narrow  obconical  base  to  a spreading,  inverted  bowl,  with  arms  directed  down- 
wards; axillary  and  central  tegmen  plates  spiniferous. 

Genotype.  Cyphocrinus  gorbyi  S.  A.  Miller. 

Distribution.  Silurian ; not  known  outside  of  America. 

1 Rev.  Pal.,  2,  1881,  p.  208.  See  also  Jaekel,  Phylogenie  und  System,  1918,  p.  40,  where  he  claims  that 
E.  minor  may  have  only  4 iBB. 
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Cyphocrinus  gorbyi  S.  A.  Miller 
Plate  I,  figs.  15-18 

Cyphocrinus  gorbyi  Miller,  i8th  Ann.  Rep.  Indiana  Dep.  Geol.,  1894  (adv.  sheets,  1892,  p.  51),  p.  305,  pi.  7, 
figs.  14-16. — Hyptiocrinus  typus  Wachsmuth  and  Springer,  Am.  Geol.,  10,  1892,  p.  138;  N.  A.  Grin. 
Cam.,  1897,  p.  201,  pi.  19,  figs.  6 a-c. 

This  genus,  while  contrasting  in  the  hemispheric  and  drooping  contour 
widely  with  the  preceding,  clearly  exhibits  the  essential  characters  of  the  family 
in  the  construction  of  the  calyx.  The  arms  have  not  been  found  beyond  slight 
remnants,  from  whiyh  it  is  evident  that  they  were  biserial,  stout  and  unbranched ; 
and  from  the  appearance  of  the  extremely  elongate  spinous  ambulacrals  upon 
the  teginen  surmounting  the  rays,  and  the  direction  of  the  arm-openings,  it 
might  be  inferred  that  they  were  of  the  recumbent  type,  with  the  pinnules  directed 
outward. 

Four  specimens  of  the  type  species,  which  is  cjuite  abundant  at  the  type  locality,  are 
fi.Sfured  in  order  to  show  some  details  more  fully  than  appeared  in  the  original  description. 
This  applies  especially  to  the  interbrachial  openings  at  the  margin  of  the  tegmen  for  fixed 
pinnules  to  the  number  of  4 or  6 between  the  rays  and  their  divisions.  These  openings, 
formerly  interpreted  as  “ respiratory  pores,”  are  now  traced  in  several  Camerate  genera  with 
unbranched  arms  to  a connection  with  the  arm-grooA^e.^ 

Weller  has  described  a species,  C.  chicagoensis,  from  the  Racine  dolomite  of  the  Chicago 
area,  but  otherwise  the  form  has  only  been  found  in  the  Laurel  limestone  at  St.  Paul,  Indiana. 

This  and  the  next  following  form  were  independently  described  by  Wachsmuth  and 
Springer  and  S.  A.  Miller  in  1892.  The  Wachsmuth  and  Springer  names  were  published  in 
the  American  Geologist  for  September,  1S92,  but  owing  to  some  delay  in  printing,  that 
number  of  the  magazine  was  not  actually  issued  until  some  weeks  after  its  purported  date. 
Meantime  Mr.  Miller  issued  advance  sheets  of  the  i8th  Rep.  Geol.  Indiana  containing  his 
new  names,  which  were  specially  distributed  to  his  correspondents.  The  claim  was  made  that 
this  distribution  antedated  the  delivery  of  the  magazine  to  its  subscribers.  Dr.  Weller  in  con- 
nection with  his  Chicago  species  considered  the  question  in  the  light  of  such  evidence  as  could 
be  obtained,  and  decided  in  favor  of  the  priority  of  Miller’s  names,  which  I have  accepted. 
Horicson  and  locality.  Laurel  limestone,  St  Paul,  Indiana. 

GAZACRINUS  S.  A.  Miller 
Plate  2 

Gasacrinus  Miller,  i8th  Rep.  Geol.  Dep.  Indiana,  1894,  p.  303  (adv.  sheets,  1892,  p.  49),  N.  A.  Geol.  Pal., 
1st  App.,  1892,  p.  679;  ibid.,  2d  App.,  1894,  p.  746. — Weller,  Bull.  Chicago  Acad.  Sci.,  4,  pt.  i,  1900, 
p.  78,  fig.  38  (synonymy  discussed). — Bather,  Treatise  on  Zooh,  3,  1900,  p.  188,  fig.  119. — Zittel- 
Eastman,  Textb.  Pal.,  2d  Ed.  1913,  p.  187. — Jaekel,  Phylogcnie  und  System,  1918,  pp.  41,  80. — Bassler, 
Bibliogr.  Index,  1915,  p.  545. 

Idiocrinus  Wachsmuth  and  Springer,  Am.  Geol.,  10,  1892,  p.  135;  N.  A.  Grin.  Cam.,  1897,  p.  202. 

Base  concave,  IBB  confined  to  the  cavity;  iBr  in  cup  limited  to  a single 
large  plate  in  each  interradius  connecting  with  tegmen,  that  of  posterior  side 
following  the  truncate  B ; arms  biserial,  simple,  directed  upwards.  Anus  without 
a tube.  Tegmen  composed  of  a few  plates,  crowned  with  a central  pyramid. 

^ See  Springer,  Scyphocrinus,  Smithsonian  Inst.,  1917,  pp.  33-37. 
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Genotype.  Gacaerinus  inornatiis  S.  A.  Miller. 

Distribution.  Silurian  to  Devonian ; America.  Not  recognized  in  the  foreign  Silurian. 

The  position  and  relations  of  this  genus  have  been  misunderstood.  Bather  placed  it 
among  the  Flexibilia.  Jaekel  in  his  latest  attempt  at  the  systematic  arrangement  of  the  crinoids, 
Philogenie  und  System,  1918,  does  not  fully  agree  with  this  reference,  but  in  order  to  be  on 
the  safe  side  places  it  in  each  of  his  two  most  widely  distinct  grand  divisions ; first  under  his 
subclass  Cladocrinoidea,  equivalent  to  the  Camerata,  in  a family  next  to  the  Dimerocrinidae 
(p.  41),  and  then  in  his  other  subclass,  Pentacrinoidea  (p.  80),  in  a family  Gazacrinidae  under 
the  suborder  Calpiocrinites — an  association  of  types  about  as  incongruous  as  could  possibly 
be  imagined. 

As  originally  described,  partly  through  errors  of  definition  and  partly  through  limita- 
tion of  material,  the  essential  characters  of  the  genus  were  not  fully  disclosed,  it  being  known 
only  by  two  species  from  a single  locality,  specimens  of  which  were  rare  and  imperfect.  Later 
acquisitions  have  furnished  much  new  information,  giving  us  now  a series  of  seven  or  more 
species  ranging  through  several  formations  of  the  Silurian  in  different  localities  and  up  into 
the  Devonian.  These  have  added  greatly  to  our  knowledge  of  structures  unsuspected  before. 

From  them  it  now  appears  that  the  genus  has  ten  heavy,  biserial  arms,  directed  upward 
and  closely  abutting.  The  tegmen  is  unlike  that  of  others  of  the  family,  and  is  a distinct 
variation  from  that  of  the  Camerata  generally,  being  composed  of  a few  large  interambula- 
cral  plates,  surmounted  by  a set  of  triangular  interlocking  plates  thought  to  be  orals  which 
vary  in  different  species,  being  suturally  closed  or  even  anchylosed  in  some  to  form  a solid 
pyramid  with  angular  vertical  ridges  forming  grooves  into  which  the  arms  may  fit.  The 
various  forms  of  this  structure  are  well  shown  on  plate  2,  and  from  these  it  may  be  seen  that 
there  is  a strong  analogy  between  this  tegmen  and  that  of  the  Calyptocrinidae,  as  will  appear 
by  comparison  with  the  figures  of  Euealyptoerinus  erassus  on  plate  7,  figs.  19,  20.  This  will 
furnish  the  desired  line  of  connection  with  the  Camerate  type.  See  also  Wachsmuth  and 
Springer,  N.  A.  Grin.  Cam.,  1897,  pi.  81,  figs.  12-15;  and  Hall,  28th  Rep.  New  York  St.  Mus., 
1879,  pi.  19,  figs.  I,  3,  4,  5. 

The  interpretation  of  the  pyramid  of  plates  that  we  call  orals  is  involved  in  considerable 
doubt.  They  are  buried  under  closely  fitting  arms,  which  would  affect  the  regularity  of  their 
development,  and  there  is  manifest  in  some  species  a strong  tendency  to  fusion,  by  which  the 
relation  of  the  component  plates  may  be  greatly  modified. 

The  definition  of  the  genus  by  Mr.  Miller,  and  description  of  the  type  species,  are  erro- 
neous as  to  the  composition  of  the  base  in  the  definite  statement  that  it  has  “ no  subradials  ” — 
that  is,  that  it  is  a monocyclic  crinoid,  which  is  a serious  and  fundamental  error.  This  was 
due  to  loose  observation,  and  the  lack  of  careful  preparation  of  the  specimens  to  bring  out 
the  infrabasals  at  the  bottom  of  the  cavity,  where  they  are  plainly  to  be  seen  in  more  than  a 
dozen  of  my  specimens.  Wachsmuth  and  Springer’s  definition  of  Idiocrinus,  based  on  the 
same  species  as  Miller’s  under  a different  name,  specified  the  5 small  IBB  at  the  bottom  of 
the  cavity,  and  the  fact  is  shown  by  numerous  examples  of  this  and  other  species.  It  is  also 
stated  by  Miller  that  the  arms  are  composed  of  a single  series  of  flattened  plates,  which  was 
pure  guess-work,  and  contrary  to  the  fact  as  now  known. 

Gazacrinus  inornatus  S.  A.  Miller 
Plate  2,  figs,  i-p 

Gazacrinus  iiiornafiis  Miller,  i8th  Rep.  Indiana  Dep.  Geol.,  1894  (adv.  sheets,  1892,  p.  49),  p.  303,  pi.  Si 
figs.  9,  10,  15-17. — Idiocrinus  ctongatus  Wachsmuth  and  Springer,  Am.  Geol.,  10,  1892,  p.  136;  N.  A. 
Grin.  Cam.,  1897,  p.  203,  pi.  18,  figs.  8 a-c. 

Specimens  small,  average  height  to  width  at  top  of  iBr  12  x ii  mm.  Calyx 
elongate  conical.  Base  narrow  with  BB  higher  than  wide,  curving  abruptly  into 
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a cavity  forming  an  inverted  cone  with  the  small  IBB  at  the  bottom.  RR  very 
large.  iBr  and  IIBr  projecting  over  into  the  tegmen,  hut  exteriorly  the  brachials 
pass  insensibly  into  the  large  biserial  arms,  two  to  the  ray,  which  abut  closely 
both  between  the  rays  and  their  divisions.  Ventral  pyramid  somewhat  variable 
in  shape,  asymmetric,  consisting  of  five  similar  plates  with  a smaller  central  one 
interposed ; or  the  central  plate  may  represent  the  posterior  oral  pushed  in  be- 
tween the  others  by  anal  structures,  with  the  posterior  triangular  plate  flanked 
by  two  others  connecting  forming  the  border  of  the  anal  opening.  These  pyramid 
plates  abut  by  their  proximal  edges  upon  the  bent  over  processes  formed  by  ex- 
tensions of  the  IIBr  and  iBr  plates.  Surface  smooth. 

Horizon  and  locality.  Laurel  limestone,  Niagaran ; St.  Paul,  Indiana. 

Gazacrinus  magnus  new  species 
Plate  2,  figs.  10,  ii,  12 

This  species,  from  the  same  horizon  and  locality  as  the  preceding,  is  known 
only  from  the  tegminal  pyramid,  which  is  of  great  size,  and  exhibits  in  a re- 
markable degree  the  sharp  ridges — 5 or  10  in  number — forming  the  border  of 
vertical  grooves  or  compartments  in  which  the  arms  may  rest  as  in  Eitcalyfi- 
tocrimis.  There  are  3 specimens.  Fig.  12  has  only  5 broad  grooves,  while 
fig.  10  has  10,  with  extremely  sharp  dividing  ridges.  This  pyramid  is  formed 
by  the  sutural  union  of  5 elongate  plates,  as  is  clearly  shown  by  the  interior  view 
of  the  same  specimen  in  fig.  loa.  This  is  further  confirmed  by  fig.  ii,  which 
shows  a single  detached  plate  of  a similar  and  larger  pyramid.  Here  there  is  no 
question  of  a central  plate  as  in  the  preceding  species. 

Horizon  and  locality,  same  as  last. 


Gazacrinus  depressus  new  species 
Plate  2,  figs,  ig,  14 

A crushed  specimen  from  St.  Paul  of  different  type  from  the  preceding, 
rather  resembling  the  Tennessee  form. 

Horizon  and  locality,  same  as  last. 

Gazacrinus  ventricosus  (Wachsmuth  and  Springer) 

Plate  2,  figs.  15-16 

Idiocrimis  ventricosus  Wachsmuth  and  Springer,  Am.  Geol.,  lo,  p.  137;  N.  A.  Crin.  Cam.,  1897.  p.  205, 
pi.  18,  figs.  9 a-b. 

Specimens  very  small,  height  to  width  at  top  of  IIBr  about  2 by  2.5  mm. 
Calyx  low,  subglobose,  but  with  base  excavate  and  IBB  sunken  in  the  cavity. 
iBr  large,  elongate,  projecting  inward  where  their  extensions  support  the  teg- 
minal pyramid,  which  here  consists  usually  of  anchylosed  plates  by  the  fusion 
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of  which  the  identity  of  the  component  plates  is  lost ; in  this  condition  the  solidi- 
fied pyramid  is  frequently  found  isolated,  while  the  calyx  of  the  species  is  ex- 
tremely rare  and  the  arms  unknown.  These  detached  pyramids  are  usually 
strongly  marked  with  radiating  ridges  and  grooves,  as  shown  in  figs.  i6,  i6a, 
which  converge  exteriorly  into  a fused  globular  mass  at  the  center.  From  such 
examples  the  inference  would  be  that  in  the  course  of  the  modification  of  the 
tegmen  incident  to  compression  by  the  closely  packed  arms  the  original  function 
of  the  structure  had  been  lost.  Surface  smooth  with  calyx  plates  moderately 
convex. 

These  isolated  bodies  when  first  observed  were  supi^osed  by  Miller  and  by  Wachsmuth 
and  Springer  to  represent  the  ventral  structure  of  Pisocrinus,  specimens  of  which  were  numer- 
ous in  the  same  bed. 

Horizon  and  locality,  same  as  last. 

Gazacrinus  ramifer  ( Roemer) 

Plate  2,  figs.  T/-21 

Encalyptocrinus  ramifer  Roemer,  Sil.  Fauna  West!.  Tennessee,  i860,  p.  51,  pi.  4 a,  b. — CalHcrinus  ramifer 
Wachsmuth  and  Springer,  N.  A.  Crin.  Cam.,  1897,  p.  358. 

A large  species;  calyx  wider  than  high,  average  about  lo  by  12  mm.  Base 
broad,  excavate,  the  plates  strongly  marked  by  a stellate  rim  bordering  the  cavity, 
which  is  here  wide  and  shallow.  Other  ridges  passing  from  BB  to  RR  divide 
the  surface  into  prominent  triangles.  IBB  fairly  large.  Arms  long  and  heavy, 
directed  upward,  lying  parallel  but  not  so  closely  abutting  as  in  the  type  species. 
The  ventral  pyramid  is  relatively  very  large,  with  only  a few  sharp  ridges,  as 
shown  in  fig.  19a. 

It  is  an  interesting  fact  that  Roemer  when  describing  this  species,  one  of  the  rarest 
known  to  the  early  Tennessee  collectors,  should  have  been  led  by  an  indefinable  resemblance 
in  the  calyx  alone  to  refer  it  to  Encalyptocrinus,  and  that  Wachsmuth  and  Springer,  upon 
the  evidence  of  a solitary  specimen  which  they  had  obtained,  while  in  much  doubt  as  to  its 
generic  relations,  recognized  a possible  affinity  with  the  other  Calyptocrinid,  CalHcrinus. 

The  shales  of  the  Beech  River  formation  have  yielded  some  remarkably  fine  specimens 
of  this  species,  throwing  new  light  on  the  relations  of  the  genus,  free  from  the  matrix  and 
exposing  arms  and  surface  characters  at  all  sides.  The  clue  to  the  actual  structure  first 
afforded  by  this  material  was  later  confirmed  by  the  finding  of  the  equally  instructive  speci- 
mens of  the  type  species  at  St.  Paul. 

Horizon  and  locality.  Beech  River  formation,  Niagaran ; Decatur  and  Wayne  counties. 
Tennessee. 


Gazacrinus  milliganae  (Miller  and  Gurley) 

Plate  2,  figs.  22-24 

Thysanocrimis  milliganae  Miller  and  Gurley,  Bull.  8,  Illinois  St.  Mus.,  1896,  p.  51,  pi.  3,  figs.  23-25. 

Similar  to  the  preceding,  and  perhaps  only  a variety  of  it,  represented  by 
imperfect  specimens.  I am  figuring  Miller  and  Gurley’s  type  specimen  and  a 
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couple  of  others  that  may  perhaps  go  with  it.  The  chief  difference  ol)servable 
is  that  here  the  base  is  less  deeply  excavate,  and  the  BB,  instead  of  being  raised 
into  a stellate  ridge,  are  sharply  nodose,  forming  a well  defined  pentagon. 

Horizon  and  locality.  Beech  River  formation,  Niagaran ; from  the  glades  in  Decatur 
County,  Tennessee. 


Gazacrinus  stellatus  new  species 
Plate  2,  figs.  2g  a-c 

This  species  is  the  only  instance  in  which  the  genus  has  been  recognized 
from  beyond  the  limits  of  the  Silurian.  The  unique  specimen  upon  which  it  is 
based  comes  from  the  Linden  formation  of  the  Helderbergian,  the  lower  beds 
of  which  in  some  Tennessee  localities  lie  in  very  close  relation  to  the  Decatur 
limestone  at  the  top  of  the  Niagaran,  where  it  almost  seems  as  if  there  is  an 
intermingling  of  typical  fossils.  The  species,  while  in  general  similar  in  size  and 
proportions  to  G.  ramifer,  is  clearly  distinct  in  detail.  The  basal  cavity  is  sharply 
defined,  the  edge  forming  an  acutely  pointed  pentagon  with  straight  sides.  The 
BB  and  other  calyx  plates  are  covered  with  coarse  pustules,  which  tend  to 
coalesce  below  into  lines  forming  raised  triangles  on  the  radials,  but  with  more 
isolated  rugose  markings  on  the  other  plates. 

Horizon  and  locality.  Linden  formation,  Helderbergian,  Lower  Devonian;  Hardin 
County,  Tennessee. 

Two  species  have  been  described  by  Weller  from  the  Racine  dolomite  of  the  Chicago 
area,  and  one  by  Hall  from  the  Rochester  shale  at  Lockport  as  Thysanocrinus  has  been  re- 
ferred to  the  genus.  For  list  and  synonymy,  see  Bassler,  Bibliogr.  Index,  1915,  p.  545. 

LAMPTEROCRINUS  Roemer 
Plate  y 

Lampterocrinus  Roemer,  Sil.  Fauna  Westl.  Tennessee,  i860,  p.  40. — Wachsmuth  and  Springer,  Rev.  Pal.  2, 

1881,  pp.  184,  199;  3,  188s,  p.  loi ; N.  A.  Crin.  Cam.,  1897,  p.  207. — Bather,  Treatise  on  Zool.,  3,  1900, 

p.  199,  fig.  124. — Zittel-Eastman,  Textb.  Pal.,  2d  ed.,  1913,  p.  187. — Jaekel,  Phylogenie  und  System, 

1918,  p.  41.  For  further  references  see  Bassler,  Bibliogr.  Index,  1915,  p.  689. 

Calyx  subturbinate,  similar  to  that  of  Dimerocrimis  but  asymmetrical  owing 
to  bulging  at  anal  side;  iBr  few,  anal  interradius  wider  than  the  others;  rays 
produced  into  5 tubular  extensions,  bearing  uniserial,  pinnuliferous  arms  at 
each  side,  with  more  than  one  pinnule  to  a brachial;  tegmen  composed  of 
numerous  convex  plates  passing  into  a strong,  subcentral  tube ; column  sharply 
pentagonal. 

Genotype.  Lampterocrinus  Tennesseensis  Roemer. 

Distribution.  Silurian ; America. 

In  the  Revision  of  the  Palaeocrinoidea,  pt.  2,  p.  200,  and  in  N.  A.  Crinoidea  Camerata, 
p.  207,  Wachsmuth  and  Springer  described  the  brachial  arrangement  of  this  genus  as  con- 
sisting of  lateral  appendages,  in  which  the  brachials,  from  primibrachs  up,  roofed  by  covering 
pieces  were  extended  into  single  rigid  tubes,  or  free  rays,  giving  off  the  arms  laterally.  This 
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was  an  inference  by  Wachsmuth  of  a structure  which  had  not  actually  been  seen,  based  upon 
analogy  of  the  Batocrinid  genus  Steganocrinus.  It  was  criticised  by  Bather  in  his  review  of 
the  Cainerata  monograph,  6th  notice,  Geol.  Mag.,  March,  1899,  p.  125,  calling  attention  to  the 
fact  that  our  interpretation  had  not  yet  received  confirmation. 

This  objection  can  now  be  met  by  the  proved  fact.  Lampterocrinus  is  one  of  the  best 
known  and  abundant  crinoids  in  the  Tennessee  rocks,  and  from  Roemer’s  time  on  the  calices 
were  to  be  found  in  collections  generally.  They  are  firm,  strong  fossils,  wdth  thick  plates 
solidly  cemented  together,  well  adapted  to  resist  weathering  in  the  glades.  From  these  rotund 
bodies  the  other  parts  are  readily  detached,  so  that  until  now  no  one  has  ever  seen  any  vestige 
of  the  arm  structure.  By  the  fortunate  occurrence  of  some  specimens  intact  in  the  Beech 
River  shales,  protected  by  the  matrix  which  could  be  removed  by  preparation,  we  are  now 
enabled  to  exhibit  the  complete  crown  wdth  all  the  appendages  in  their  natural  position.  In 
the  remarkable  series  of  specimens  here  studied,  there  are  two  with  the  tubular  rays  and  side 
arms  and  the  anal  tube  in  place,  and  four  others  with  parts  of  the  radial  extensions  favorably 
located  for  inspection.  There  are  five  heavy  tubes  composed  of  the  primibrachs  and  higher 
brachials  curved  like  arm  plates,  wdth  their  covering  plates,  fringed  wdth  very  long,  slender 
arms  given  off  alternately  from  each  side,  and  bearing  delicate  pinnules — precisely  the  struc- 
ture of  Steganocrinus  sculptns  of  the  Burlington  limestone.  The  side-arms  are  uniserial,  and 
each  ossicle  bears  two  pinnules,  one  from  each  side. 

While  the  type  species  remains  as  the  chief  representative  of  the  genus,  the  new  material 
has  produced  a well  defined  new  one  wdth  a variant  for  a possible  third. 

Hall  described  a small  species  L.  parvus,  from  the  Waldron  shale,  and  also  one  from  the 
Racine  dolomite  of  the  Chicago  area,  from  which  three  species  are  also  described  by  Weller. 
Rowley  described  another  from  the  Missouri  Silurian.  None  of  these  thrown  any  light  on 
the  structure.  See  Bassler’s  Index  for  list  wdth  references. 


Lampterocrinus  tennesseensis  Roemer 
Plate  3,  figs.  1-6 

Lampterocrinus  tennesseensis  Roemer.  Sil.  Fauna  Westl.  Tennessee,  i860,  p.  37,  pi.  4,  figs,  i a,  b. — 
Wachsmuth  and  Springer,  N.  A.  Crin.  Cam.,  1897,  p.  209.— Bassler,  Bibliogr.  Index,  1915,  p.  690. 

This  origdnal  species,  so  well  known  in  all  collections  by  weathered  speci- 
mens from  the  glades,  is  strongly  characterized  by  its  elongate  form,  sharp  stel- 
late sculpture,  and  prominence  of  the  anal  interradiiis,  which  is  larger  than  the 
others,  and  curves  over  into  the  tegmen  where  it  passes  into  the  strong  sub- 
central tube,  while  the  lower  part  is  more  or  less  swollen  so  as  to  produce  a de- 
cided asymmetry.  This  anal  “ hump  ” is  a most  conspicuous  character,  by  which 
the  weathered  calices  are  usually  recognized  at  a glance.  The  sculpture  takes 
the  form  of  highly  raised  ridges  passing  from  center  to  center  of  the  plates, 
outlining  a variety  of  triangles  and  hexagonal  figures.  At  the  anal  side  these 
often  connect  in  such  a way  that  they  form  a strong  median  ridge  running  the 
full  length  of  the  interradius  from  the  posterior  basal  to  the  anal  tube. 

The  complete  crown,  free  on  both  sides,  was  imbedded  in  a shaly  limestone,  where  several 
instructive  fragments  of  arms  also  occurred  showing  their  mode  of  connection  and  relation 
to  the  tubular  rays,  and  especially  their  bipinnulation,  as  in  fig.  6.  This  peculiar  structure, 
at  one  time  considered  to  be  an  impossibility  in  crinoid  morphology  (Crin.  Gotland,  1893, 
p.  36) , is  now  knowm  to  exist  in  several  genera.  I figure  on  plate  7 a specimen  of  Carpocrinus 
from  Gotland  in  which  the  two  pinnules  to  a brachial  are  well  developed ; and  the  structure 
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was  fully  described  in  a Devonian  genus  in  my  paper  on  Dolatocrinus,^  with  2,  3 and  4 pin- 
nules to  a brachial.  Since  then  it  has  been  further  observed  by  Miss  Goldring,  Devonian 
Crinoids  of  New  York,  1924,  in  the  genera  Clarkcocrinus,  p.  180,  and  Liparocriniis,  p.  397, 
with  like  numbers  of  pinnules  to  the  brachial. 

This  leading  species  for  the  Tennessee  Silurian  was  recognized  by  Troost  long  l)e- 
fore  Roemer’s  time,  and  fully  described  under  the  name  Balanocrinites  in  his  unpublished 
monograph. 

Horizon  and  locality.  Shaly  limestone  of  Beech  River  formation,  Niagaran ; Decatur 
and  adjoining  counties,  Tennessee. 

Lampterocrinus  sculptus  new  species 
Plate  3,  figs.  7,  8 

A variant  of  the  preceding,  from  the  same  horizon  and  locality,  with  a lower 
and  more  spreading  calyx,  more  delicate  scnlptiire  and  more  numerous  ridges. 

Lampterocrinus  roemeri  new  species 
Plate  3,  figs,  g-14 

Differs  from  the  type  species  in  the  much  plainer  character  of  the  surface 
markings.  The  ridges  are  fewer  and  more  prominent,  and  the  rhomboidal  areas 
enclosed  by  them  are  almost  uniformly  smooth,  and  not  crossed  by  other  ridges ; 
thus  the  stellate  appearance  is  largely  wanting.  The  specimens  all  come  from 
a soft  shale  at  a little  different  level  from  the  former  species. 

In  addition  to  the  small  crown  with  arms  and  anal  tube,  fig.  10,  there  are  4 calices  with 
parts  of  the  radial  appendages  attached,  as  in  fig.  9,  and  20  other  good  specimens,  in  all  of 
which  the  characters  above  mentioned  are  constant.  Here  also  may  be  seen  the  sharply  pen- 
tagonal stem  characteristic  of  the  genus,  with  concave  sides,  as  shown  in  figs.  9 and  10.  I have 
called  this  species  L.  roemeri,  in  honor  of  the  founder  of  the  genus. 

Horizon  and  locality.  Soft  shale  of  the  Beech  River  formation,  Niagaran;  Tuck’s  Mill, 
Decatur  County,  Tennessee. 


genus  and  species  indet. 

Plate  3,  figs.  13,  13a 

This  fragment,  of  which  there  is  not  enough  of  the  calyx  left  to  indicate  its  generic 
relations,  is  figured  on  account  of  the  very  unusual  feature  of  a hexagonal  stem,  almost  un- 
known among  crinoids.  Aside  from  its  six-sided  section,  the  stem  in  detail  strongly  resembles 
that  of  Lampterocrinus,  and  the  specimen  may  be  only  a sport  from  that  genus. 

Horizon  and  locality,  same  as  last. 

genus  and  species  indet. 

Plate  I,  figs,  ig-22 

Stem  fragments  of  unknown  crinoid  from  St.  Paul,  Indiana. 


1 Bull.  IIS,  U.  S.  Nat.  Mus.,  1921,  pp.  5,  8. 
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Family  RHODOCRINIDAE  Roemer 

This  dicyclic  family,  similar  to  the  Dimerocrinidae  except  that  the  radials 
are  separated  all  around,  is  introduced  to  receive  a number  of  peculiar  forms 
falling  within  its  limits  for  which  it  has  been  necessary  to  propose  new  genera. 

Paragazacrinus  rotundus  new  genus  and  species 
Plate  4,  figs.  1-4 

On  account  of  the  strong  resemblance  of  the  tegminal  parts  this  small 
species  was  at  first  supposed  to  be  a variety  of  Gazacrimis ; but  when  it  was 
found  that  in  three  good  specimens  the  RR  were  separated  all  around  by  iBr 
truncating  all  5 BB  that  interpretation  became  untenable,  and  there  seemed  no 
recourse  except  to  place  it  as  a new  genus  under  the  Rhodocrinidae.  There  are 
5 IBB  sunken  in  an  indented  pit,  and  4 or  5 large  iBr  in  the  cup  separating  the 
rays  up  to  the  tegmen,  which  branch  and  become  free  on  the  first  IIBr,  giving 
10  arms  in  all,  which  are  not  further  known.  The}^  rest  in  grooves  bounded  by 
ridges  forming  a ventral  pyramid  which  is  surmounted  by  an  elongate  spine. 
This  is  supported  by  5 tegmen  plates,  the  exact  relation  of  which  is  difficult  to 
determine,  but  they  are  thought  to  be  interambulacral  in  position.  The  three 
rotund  calices  are  figured,  together  with  a detached  central  spine,  as  to  which 
the  question  remains  open  whether  it  may  not  belong  to  Ga.zacrinus,  although 
it  is  believed  that  the  spine  is  a separate  element  covering  the  pyramid.  The 
two  forms  are  from  the  same  locality  and  formation,  but  whether  from  the 
same  layer  is  not  known. 

Horizon  and  locality.  Laurel  limestone,  Niagaran ; St.  Paul,  Indiana. 

Paulocrinus  biturbinatus  new  genus  and  species 
Plate  4,  figs.  5,  ga-c 

This  genus  and  species  are  proposed  for  the  reception  of  a solitary  calyx, 
which  both  in  general  form  and  in  cup  structure  is  totally  unlike  any  other 
known  from  the  Silurian.  It  is  large,  robust,  with  truncate  conical  cup  spread- 
ing to  the  arm-bases,  and  from  there  contracting  to  an  opposite  cone  consisting 
of  a manv-plated  tegmen  passing  into  a large,  subcentral  anal  tube.  The  calyx 
plates  are  thick  and  strongly  elevated,  those  of  the  tegmen  rather  nodose,  and 
those  of  the  cup  more  or  less  acuminate,  and  ornamented  by  radiating  ridges. 

The  most  peculiar  thing  about  this  form  is  the  base,  forming  the  truncate  end  of  the 
dorsal  cone.  There  are  5 IBB  surrounding  an  enormous  lumen,  and  no  two  of  them  alike, 
3 smaller  and  pentagonal  on  the  posterior  and  left  posterior  sides ; the  other  2 hexagonal  and 
truncated  by  BB  are  larger  than  the  former  3 combined.  A similar  inecpiality  pervades  the 
BB  but  reversed  in  position  as  if  compensatory,  the  two  larger  being  the  posterior  and  left 
posterior  (see  diagram,  fig.  5r).  Also  the  RR  are  more  or  less  unequal,  and  asymmetric  in 
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form,  two  of  them  connecting  with  the  IBB.  Arm  openings  4 to  the  ray,  directed  horizontally 
from  a projecting  rim ; the  r.  post,  ray  bifurcates  on  the  first  IBr,  but  by  way  of  compensation 
this  is  followed  by  more  than  two  IIBr ; the  arms  not  preserved. 

All  this  points  to  an  abnormal  specimen,  or  sport — but  of  what?  The  form  and  general 
structure  of  the  calyx  are  positive  and  well  defined,  and  in  all  the  collections  from  St.  Paul 
and  the  Tennessee  localities  nothing  has  been  found  with  which  it  can  be  compared.  Therefore 
it  will  have  to  stand  upon  the  aljove  description  until  the  normal  form  is  shown  by  further 
discovery. 

Horizon  and  locality.  Laurel  limestone,  Niagaran ; St.  Paul,  Indiana. 


Wilsonicrinus  discoideus  new  g-eniis  and  species 
Plate  4,  figs.  6,  6a 

This  is  another  Rhodocrinid  straggler  from  the  St.  Paul  beds,  known  only 
by  the  single  type  specimen,  and  apparently  without  close  relatives.  The  calyx 
is  a broad,  wheel-shaped  disk,  with  smooth  plates,  slightly  convex  below  and 
contracting  above  to  a large  snbcentral  anal  tube.  It  has  4 IBB  sunken  into 
a small  indented  cavity,  BB  fairly  ecjual  in  size,  truncate  above  and  connecting 
with  single  large  iBr.  Arm-openings  10,  small  and  widely  separated,  issuing 
from  a series  of  cuneate  IIBr, 

The  outstanding  feature  of  this  genus  is  the  fixed  pinnules  originating  upon  the  longer 
face  of  the  IIBr  to  the  number  of  4,  5 or  6 on  each  side  in  the  form  of  more  or  less  irregular 
pinnulars,  which  by  contact  with  the  IIBr  and  with  each  other  are  incorporated  in  the  cup ; 
they  lead  directly  to  interbrachial  openings  for  free  pinnules  independent  of  the  arms,  emerg- 
ing at  the  margin  of  the  tegmen  between  the  rays  and  their  subdivisions.  These  are  very  con- 
spicuous, corresponding  in  number  to  the  incorporated  pinnules.  Thus  the  interbrachial  areas, 
above  and  beyond  the  single  large  iBr  plates  which  abut  upon  the  truncated  BB,  are  occupied 
by  these  fixed  pinnules,  which  have  every  appearance  of  higher  iBr.  For  a full  discussion  of 
the  fixed  pinnules  in  various  genera  and  the  interpretation  of  their  openings  at  the  margin 
of  the  tegmen,  see  my  papers  on  Scyphocriniis^  and  Dolatocrinns.^ 

The  type  specimen  was  found  by  my  former  assistant,  the  late  Dr.  Herrick  E.  Wilson, 
who  recognized  its  highly  distinctive  characters,  and  the  generic  name  is  proposed  in  his 
memory. 

Horizon  and  locality.  Laurel  limestone,  Niagaran ; St.  Paul,  Indiana. 

Emperocrinus  indianensis  IMiller  and  Gurley 
Plate  4,  figs.  7,  ya 

Emperocrinus  indianensis  Miller  and  Gurley.  Bull.  6,  Illinois  St.  Mus.,  1895,  p.  43,  pi.  4,  figs.  16,  17. — 

Bather,  Treatise  on  Zool.,  3,  1900,  p.  202. — Bassler,  Bibliogr.  Index,  1915,  p.  476. 

Another  rare  form,  of  simpler  construction  than  the  preceding,  which  I 
am  illustrating  from  a new  specimen.  Instead  of  being  discoid,  the  calyx  is 
pentagonal,  and  the  iBr  areas,  instead  of  being  filled  to  the  margin  with  the 
incorporated  pinnules,  are  depressed,  contracted  and  limited  to  the  single  large 

1 Smithsonian  Publication  No.  2440,  1917,  pp.  33-37,  40-46;  pi.  9,  figs.  5-6. 

2 Bull.  115,  U.  S.  Nat.  Mus.,  1921,  pp.  24,  25,  pi.  7,  figs.  2-5. 
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plate.  There  are  a few  openings  for  free  interbrachial  pinnules,  apparently 
only  one  to  each  arm  on  the  outer  side  of  the  ray,  lying  close  under  the  arm- 
base.  These  structures  were  not  brought  out  in  the  original  description,  and 
whereas  the  number  of  IBB  is  there  said  to  be  three,  it  is  distinctly  five  in  my 
specimen.  Miller  and  Gurley  treated  the  genus  as  belonging  to  the  Flexibilia. 

Horizon  and  locality.  Laurel  limestone,  Niagaran ; St.  Paul,  Indiana. 

Rhodocrinidae  genus  and  species  indet. 

Plate  4,  figs.  8,  8 a 

A fragment  with  only  part  of  the  base,  attached  in  a slanting  position  to  a very  large 
stem.  There  are  4 IBB  at  the  bottom  of  an  indented  cavity  as  in  several  of  the  associated 
forms,  and  entirely  covered  by  the  stem.  None  of  the  others  of  this  family  here  described 
have  any  part  of  the  stem  preserved,  and  it  may  be  that,  large  as  it  seems,  this  is  the  normal 
type  for  the  group.  But  the  sloping  attachment  to  the  calyx  is  unusual.  The  BB  are  truncate 
for  a connection  with  the  succeeding  iBr,  separating  the  RR,  so  it  probably  belongs  here. 

Horizon  and  locality.  Laurel  limestone,  Niagaran ; St.  Paul,  Indiana. 


Lyriocrinus  melissa  Hall 

Lyriocrinus  melissa,  Hall,  28th  Rep.  New  York  St.  Mus.  Nat.  Hist.,  1879,  p.  139,  pi.  15,  figs.  18-27;  nth 
Ann.  Rep.  Indiana  Dep.  GeoL,  1882,  p.  269,  pi.  14,  figs.  18-27,  pi.  15,  fig.  ii. — Wachsmuth  and  Springer, 
N.  A.  Crin.  Cam.,  1897,  p.  263,  pi.  ii,  figs.  4a-/. — -For  complete  synonymy,  Bassler,  Bibliogr.  Index, 
Bull.  92,  U.  S.  Nat.  Mus.,  1915,  p.  774;  also  for  the  genus,  and  other  species,  p.  773. 

This  very  typical  Rhodocrinid  species  is  one  of  the  leading  fossils  in  the  Waldron  for- 
mation, occurring  abundantly  at  the  type  locality,  Waldron,  Indiana,  and  in  the  rich  exposure 
of  Waldron  shale  at  Newsom,  near  Nashville,  Tennessee;  it  has  also  been  identified  in  the 
Racine  dolomite  of  the  Chicago  area.  Reference  to  the  thorough  discussion  and  illustration 
of  the  species  by  Hall  and  by  Wachsmuth  and  Springer  will  afford  all  needful  information, 
and  it  is  accordingly  omitted  from  consideration  here. 

Another  fine  species,  L.  dactylns,  was  described  by  Hall  from  the  Rochester  shale  at 
Lockport,  of  which  unusually  perfect  specimens  from  Grimsby,  Ontario,  are  in  the  Sir  Ed- 
mund Walker  collection  in  the  University  of  Toronto-.  I have  an  undescribed  specimen  from 
Dudley,  indicating  the  presence  of  the  genus  in  the  English  Silurian. 
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Family  MELOCRINIDAE  Zittel 

Of  this  extensive  monocyclic  family,  with  the  radials  in  contact  all  around, 
the  collections  here  in  hand  contain  eight  genera,  two  of  them  foreigners  now 
first  recognized  in  this  country,  one  which  though  known  before  has  developed 
an  unexpected  wealth  of  species,  and  one  new. 


MACROSTYLOCRINUS 

Plate  4 

Maci'ostylocrinus  Hall,  Pal.  New  York,  2,  1852,  p.  203. — Wachsmuth  and  Springer,  Rev.  Pal.,  2,  1881, 
pp.  96,  102;  N.  A.  Crin.  Cam.,  1897,  p.  285. — Bather,  Treatise  on  Zool.,  3,  1900,  p.  162. — Zittel- 
Eastman,  Textb.  Pal.,  2d  ed.,  1913,  p.  191. — Jaekel,  Phylogenie  und  System,  1918,  p.  36. — Bassler, 
Bibliogr.  Index,  Bull.  92,  U.  S.  Nat.  Mus.,  1915,  p.  782. 

BB  3 unequal;  anal  interradius  wider  than  the  others  above  level  of  RR; 
arms  lO,  simple,  biserial. 

Genotype.  M'cerostylocrinus  ornatns  Hall. 

Distribution.  Silurian  and  Devonian  ; America,  England. 

This  typically  Silurian  genus,  but  now  known  to  occur  in  the  Lower  Devonian,’-  which 
has  hitherto  been  accounted  as  one  of  the  rare  fossils,  is  well  represented  in  the  present  collec- 
tions, especially  for  illustrating  the  structure  of  the  tegmen,  heretofore  unknown.  Several 
species  are  figured,  all  but  one  previously  described,  and  of  these  it  is  not  deemed  necessary 
to  repeat  the  descriptions. 


Macrostylocrinus  fasciatus  Hall 
Plate  4,  figs,  g,  ga,  b 

Macrostylocrinus  fasciatus  Hall,  28th  Rep.  New  York  St.  Mus.,  1879,  p.  130,  pi.  13,  figs.  5,  6. — Wachsmuth 
and  Springer,  N.  A.  Crin.  Cam.,  1897,  p.  288,  pi.  22,  fig.  13. — Bassler,  Bibliogr.  Index,  1915,  p.  782. 

The  specimen  here  figured  has  the  fasciculated  striae,  rarely  well  preserved, 
perfectly  distinct,  and  shows  correctly  the  full  dimensions  of  the  calyx  and  the 
form  and  proportions  of  all  the  plates.  The  important  feature,  however,  is  that 
it  has  the  tegmen  intact,  which  has  not  been  found  before.  Usually  the  upper 
part  is  broken  away,  so  that  the  great  elongation  of  the  cup  does  not  appear. 
The  tegmen  is  composed  of  a great  number  of  small  smooth  plates,  traversed 
from  the  center  to  arm-bases  by  narrow,  almost  linear,  ambulacra.  The  small 
anal  opening  lies  at  the  extreme  margin,  where  it  projects  between  the  two 
posterior  rays,  connecting  with  the  median  row  of  anal  plates  on  the  dorsal  side. 
Radial  series  sharply  defined  by  a median  ridge.  Total  height  of  calyx  13  mm. 
Horizon  and  locality.  Waldron  shale,  Niagaran  ; Hartsville,  Indiana. 


1 Springer,  Unusual  Forms  of  Fossil  Crinoids,  Proc.  U.  S.  Nat.  Mus.,  Vol.  67,  1926,  p.  33. 
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Macrostylocrinus  granulosus  Hall 

Plate  4,  figs.  lo-ig 

Macrostylocrinus  striatus  var  granulosus  Hall,  28th  Rep.  New  York  St.  Mus.,  1870,  p.  129. — Wachsmuth 

and  Springer,  N.  A.  Crin.  Cam.,  1897,  p.  289,  pi.  22,  figs.  15a,  b. — Bassler,  Bibliogr.  Index,  1915, 

p.  782,  783- 

There  is  here  illustrated  a form  with  turbinate  calyx,  expanding  upward 
as  most  frequent  in  the  genus,  in  which  the  tegmien  is  also  beautifully  preserved 
in  two  specimens.  This  is  of  a somewhat  ditferent  type,  in  accord  with  the  more 
spreading  form  of  the  calyx,  in  which  the  ambulacra  tend  to  become  wider, 
and  the  anal  opening  very  much  larger ; it  is  situated  in  the  depressed  posterior 
interambulacrum  between  the  margin  and  the  center,  and  in  one  specimen  is 
closed  by  a pyramid  of  small  plates.  The  granulose  surface,  completely  devoid 
of  striae,  together  with  the  general  form  and  proportions,  seems  to  indicate  the 
reference  to  this  species.  It  is  very  small,  as  is  best  seen  by  comparing  the  draw- 
ings, which  are  mostly  double  size. 

Horizon  and  locality.  Waldron  shale,  Niagaran ; Madison,  Indiana,  Newsom  and  perhaps 
Decatur  County,  Tennessee. 

Macrostylocrinus  laevis  new  species 
Plate  4,  figs.  14-19 

This  name  is  suggested  to  designate  a smooth  form  occurring  rather  plen- 
tifully in  the  Beech  River  formation,  having  relatively  small  RR  and  wide  IBr, 
and  in  which  we  have  the  stout  biserial  arms  partl}^  preserved. 

Horizon  and  locality.  Beech  River  formation,  Niagaran;  Decatur  County,  Tennessee. 

Macrostylocrinus  meeki  (Lyon) 

Plate  4,  figs.  20-22 

Actinocrinus  meeki  Lyon,  Proc.  Acad.  Nat.  Sci.  Phil.,  i86i,  p.  411,  pi.  4,  figs.  4a,  b. — Macrostylocrinus 

meeki,  Wachsmuth  and  Springer,  Rev.  Pal.,  2,  p.  103 ; N.  A.  Crin.  Cam.,  1897,  p.  290,  pi.  22,  figs.  i6a,  b. 

A broader  and  more  rotund  calyx  than  usual  in  the  genus,  and  notable  for 
the  sharp  median  ridges  which  follow  the  rays  from  radials  into  arm-bases;  it 
may  also  be  more  or  less  striate. 

Horizon  and  locality.  Louisville  limestone  ; Jefferson  County,  Kentucky,  and  Black  River 
formation,  Niagaran ; Decatur  County,  Tennessee. 

(?)  Macrostylocrinus  pustulosus  new  species 
Plate  4,  figs.  2 g,  2 ga 

It  is  not  clear  that  this  unique  specimen  belongs  to  the  genus.  The  general 
contour  and  pustulose  ornament  would  seem  to  be  exceptional,  while  the  arrange- 
ment of  the  anal  side  is  consistent  with  the  reference.  In  the  large  side  of 
the  RR  it  bears  considerable  resemblance  to  the  early  Platycrinidae,  and  if  we 
had  the  teginen  preserved  it  might  be  found  to  go  with  Cnlieoerimis. 
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Horizon  and  locality.  Beech  River  formation,  Niagaran ; Decatur  County,  Tennessee. 

Of  other  species  there  is  M.  stria.tiis  Hall  from  the  Waldron,  three  from  the  Racine 
dolomite,  one  from  the  Rochester  shale  (see  Bassler’s  Index,  p.  782)  ; and  a thoroughly  repre- 
sentative species  from  England,  M.  anglictis,  by  Jaekel.  M.  indiancnsis  Miller  and  Gurley, 
from  St.  Paul,  does  not  belong  to  the  genus,  and  may  be  a Patelliocrinns.  1 am  figuring  (pi.  4, 
fig.  24)  a complete  specimen  of  the  type  species,  M.  ornatus,  from  Lockport.  New  York. 

MELOCRINUS  Goldfitss 
Plate  5 

Melocrinites  Goldfuss,  Petref,  Germ.,  1826,  p.  197. 

Melocrinus,  Agassiz,  Ann.  Nat.  Hist.,  1838,  p.  447. — Wachsmuth  and  Springer,  Rev.  Pal.,  2,  1881,  p.  118; 

N.  A.  Grin.  Cam.,  1897,  p.  292. — Bather,  Treatise  on  Zool,  3,  1900,  p.  161. — Zittel-Eastman,  Textb. 

Pal.,  2d  ed.,  1913,  p.  190. — Jaekel,  Phylogenie  und  System,  1918,  p.  32. — Goldring,  Devon.  Grin.  New 

York,  1923. — For  complete  list  of  references  and  table  of  synonyms,  Bassler,  Bibliogr.  Index,  Bull.  92, 

U.  S.  Nat.  Mus.,  1915,  p.  794. 

BB  4,  unequal;  iBr  numerous,  anal  interradius  but  slightly  distinct;  rays 
produced  into  two  main  rami,  giving  off  unilateral,  pinnulate  arms,  uniserial 
or  biserial,  to  the  outside  of  the  dichotom ; the  rami  may  be  separate  (Silurian 
species),  or  more  or  less  fused  by  their  inner  margins  (Devonian  species)  ; 
column  round. 

Genotype.  Melocrinus  hieroglyphic  us  Goldfuss. 

Distribution.  Devonian  and  Silurian ; Germany,  Gotland,  England,  America. 

Few  genera  have  had  so  much  written  about  them  as  this,  or  have  been  treated  under  so 
many  different  names,  as  will  be  seen  by  tbe  list  of  references  in  the  Bibliographic  Index. 
The  most  recent  discussion  is  that  by  Miss  Goldring  in  the  monograph  of  the  Devonian  Cri- 
noids  of  New  York,  of  which  this  genus  and  its  allies  form  a most  important  part  of  the 
fauna.  Hitherto  it  has  been  almost  negligible  among  American  Silurian  fossils,  the  few  species 
described  being  neither  characteristic  nor  well  represented.  That  which  gives  a renewed 
interest  for  this  work  is  the  discovery  of  a single  specimen  in  the  Beech  River  formation 
showing  a wide  distribution  of  the  typical  form,  and  the  parallelism  of  its  occurrence  in  this 
country  and  the  north  European  Silurian.  Very  conspicuous  species  of  what  I regard  as  the 
Silurian  type  of  the  genus  have  been  found  in  England  and  Gotland,  some  of  them  described 
by  Angelin.  Now  for  the  first  time  we  have  a parallel  to  them  from  the  American  Silurian. 

Melocrinus  tennesseensis  new  species 
Plate  5,  fig.  i 

Although  the  calyx  plates  of  this  unicjue  specimen  are  somewhat  disturbed, 
the  decisive  features  of  the  rays  are  well  preserved,  and  the  general  aspect  of 
the  fossil  points  unmistakably  to  a close  relationship  with  the  typical  forms 
of  England  and  Gotland.  For  comparison  I am  figuring  two  specimens  of  an 
abundant  species  from  Dudley,  England,  which  if  not  elsewhere  described  may 
be  taken  as  M.  spectabilis  of  Angelin  (pi.  5,  figs.  2,  3).  The  remarkahle  simi- 
larity of  type  in  the  two  forms  is  apparent  at  a glance, — even  the  stem  of  one 
being  almost  a duplicate  of  the  other.  Evidently  the  calyx  of  the  American 
species  is  much  the  shorter,  the  base  of  the  cup  less  turbinate  than  in  the  English 
form,  and  the  iBr  in  the  latter  more  numerously  developed. 

Horizon  and  locality.  Beech  River  formation,  Niagaran  : Decatur  County,  Tennessee. 
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Melocrinus  oblongus  Wachsmuth  and  Springer 
Plate  5,  figs.  5,  6 

Melocrinus  oblongus  Wachsmuth  and  Springer,  N.  A.  Crin.  Cam.,  p.  200,  pi.  22,  figs.  9,  12. 

Confined  to  the  higher  Niagaran  beds.  Two  specimens  are  figured  espe- 
cially to  show  the  division  of  the  rays  into  two  rows  of  brachials,  for  compari- 
son with  the  similar  elongate  form  referred  to  Roemer’s  Cytocrinus  with  only 
one  such  row. 

Horizon  and  locality.  Louisville  limestone,  Louisville,  Kentucky,  and  Bob  formation, 
Niagaran;  Decatur  County,  Tennessee. 

Other  Niagaran  species  are  M.  obconicus  Hall,  of  the  Waldron  beds,  M.  aequalis  S.  A- 
Miller,  of  the  Laurel ; one  from  Missouri  by  Rovrley,  one  from  the  Racine  dolomite  of  the 
Chicago  area  and  one  from  the  Rochester  shale  at  Lockport. 

Melocrinus  onondaga  new  species 
Plate  5,  fig.  4 

I figure  here  what  appears  to  be  a very  young  stage  of  the  genus  from 
the  middle  Devonian,  which  is  interesting  for  the  remarkable  shortness  of  the 
calyx  compared  with  the  well  developed  arms. 

Horizon  and  locality.  Onondaga  formation,  Middle  Devonian ; Sylvania,  Ohio. 

Cytocrinus  laevis  Roemer 
Plate  5,  figs.  7,  70,  8 

Cytocrinus  laevis  Roemer,  Sil.  Faun.  Westl.  Tennessee,  i860,  p.  46,  pi.  4,  figs.  2a-c. — Melocrinus  roemeri 
Wachsmuth  and  Springer,  N.  A.  Crin.  Cam.,  1897,  p.  301,  pi.  22,  figs,  iia,  b. — Bassler,  Bibliogr.  Index, 
1915.  PP-  795,  796. 

The  brachials  in  this  form  are  extended  into  5 trunks  composed  of  a single 
series  of  plates,  which  is  a good  generic  distinction  from  similar  lobate  species 
such  as  Melocrinus  oblongus,  according  to  the  practice  followed  in  other  groups ; 
while  the  arms  themselves  have  not  been  seen,  the  direct  succession  of  primi- 
brachs  into  the  arm  opening  shows  how  they  must  be. 

Horizon  and  locality.  Beech  River  formation,  Niagaran ; Decatur  County,  Tennessee. 

MARIACRINUS  Hall 
Plate  5 

Mariacrinus  Hall,  Am.  Jour.  Sci.  (2),  25,  1858,  p.  278;  Pal.  New  York,  3,  1861,  pp.  104,  139. — Wachsmuth 
and  Springer,  Rev.  Pal.,  2,  1881,  pp.  114,  118,  233;  ibid.,  3,  1885,  p.  326;  N.  A.  Crin.  Cam.,  1897, 
p.  281. — Zittel-Eastman,  Textb.  Pah,  2d  ed.,  1913,  p.  190. — Goldring,  Devon.  Crin.  New  York,  1923, 
p.  109. — Bassler,  Bibliogr.  Index,  1915,  p.  785. 

BB  4;  similar  to  Melocrinus,  but  arms  free,  branching  once  or  twice,  with 
alternating  pinnules  or  ramifies. 

Genotype.  Mariacrinus  plumosus  Hall. 

Distribution.  Silurian,  Devonian ; America,  England,  Gotland. 
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Mariacrinus  carleyi  (Hall) 

Plate  5,  figs,  g,  10 

Glyptocrinus  carleyi  Hall,  Trans.  Alb.  Inst.,  4,  1863,  p.  203;  28tli  Rep.  New  York  St.  Mus.,  1879.  P-  132, 

pi.  14,  figs.  7-10. — Mariacrinus  carleyi,  Waclismuth  and  Springer,  N.  A.  Crin.  Cam.,  1897,  p.  282,  pi.  22, 

figs.  2a-c. — Bassler,  Bibliogr.  Index,  1915,  PP-  785)  786. 

A very  elongate,  turbinate  species,  widely  distributed  and  found  at  all 
the  principal  Waldron  localities,  and  also  in  the  Laurel.  The  specimen  from 
the  latter  here  figured  lacks  the  sharp  radiating  ridges  upon  the  lower  plates 
usual  in  the  Waldron  specimens,  the  granulose  surface  predominating,  but  in 
the  other  characters  the  two  agree. 

Waldron  shale,  Niagaran ; Waldron  and  Hartsville,  Indiana,  and  Newsom,  Tennessee ; 
also  Laurel  limestone ; St.  Paul,  Indiana. 

Mariacrinus  aureatus  S.  A.  Miller 
Plate  5,  figs,  ii,  iia 

Mariacrinus  aureatus  Miller,  17th  Rep.  Indiana  Dep.  Geol.,  1892,  p.  644  (adv.  sheets,  1891),  pi.  6,  fig.  36. 

A broadly  rotund  species,  in  almost  every  way  the  reverse  of  the  preced- 
ing, especially  in  the  highly  sculptured  ornament  which  covers  the  entire  cup 
with  delicate,  stellate  figures. 

Horizon  and  locality.  Laurel  limestone,  Niagaran;  St.  Paul,  Indiana. 

Mariacrinus  sp. 

Plate  5,  fig.  13 

This  specimen,  associated  with  Melocrinus  in  the  beds  at  Dudley,  illustrates  the  pres- 
ence of  the  two  closely  allied  genera  there  as  here ; it  shows  the  arms  branching  in  the  usual 
way,  which  is  the  distinguishing  character. 

Horizon  and  locality.  Wenlockian,  Silurian;  Dudley,  England. 

(?)  Mariacrinus  rotundus  new  species 
Plate  5,  figs.  12,  12a 

This  is  one  of  some  strange  forms  from  the  topmost  Silurian,  occurring 
in  close  relation  to  the  Lower  Devonian.  It  is  so  utterly  different  in  general 
aspect  from  any  other  species  of  this  or  allied  genera  that  it  is  placed  here  with 
much  doubt.  If  seen  in  a well  weathered  condition  in  a miscellaneous  collection, 
the  specimen  would  without  hesitation  be  taken  for  Disygocrimis  rotundus  of 
the  Burlington  limestone.  Yet  according  to  the  structure  of  the  cup  as  plainly 
delineated,  with  no  anal  plates,  and  radials  in  contact  all  around,  it  must  belong 
to  the  Melocrinidae,  having  abnormally  small  basals  which  cannot  be  defined 
in  the  narrow  indented  cavity,  compensated  by  relatively  large  radials.  The 
highly  rounded  tegmen  is  filled  with  numerous  but  very  definite  plates  pierced 
by  a small  subcentral  anal  opening,  while  the  iBr  in  the  cup  are  but  few. 

Horizon  and  locality.  Decatur  limestone.  Niagaran ; below  Grandview  in  the  bluffs  of 
the  Tennessee  river.  Perry  County,  Tennessee.  Associated  with  Aorocrinus  nodosus,  infra. 
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ALLOCRINUS  Wachsmuth  and  Springer 
Plate  6 

Allocrimis  Wachsmuth  and  Springer,  Geol.  Surv.  Illinois,  8,  1890,  p.  206;  N.  A.  Crin.  Cam.,  1897,  p.  306.— 

Bather,  Treatise  on  Zool.,  3,  1900,  p.  162. — Zittel-Eastman,  Textb.  Pah,  2d  ed.  1913,  p.  191. — Jaekel, 

Phylogenie  und  System,  1918,  p.  36. — Bassler,  Bibliogr.  Index,  1915,  p.  25. 

BB  3,  unequal.  Dorsal  cup  low  and  broad.  No  anal  plates;  iBr  i,  large. 
Arms  10,  uniserial. 

Genotype.  Allocrimis  fypus  Wachsmuth  and  Springer. 

Distribution.  Silurian ; America. 

This  genus  was  proposed  upon  the  basis  of  very  scant  material,  consisting  of  a calyx 
and  a detached  set  of  arms.  The  extremely  low  and  broad  contour  of  the  former  with  its 
concave  base,  and  the  massive  character  of  the  latter,  marked  it  as  thoroughly  distinct,  con- 
firmed later  by  a second  species  from  a different  horizon,  also  described  from  a poor  speci- 
men. While  hoping  for  further  information,  I was  agreeably  surprised  at  the  wealth  of  new 
material  disclosed  by  the  Tennessee  collections,  containing  not  only  numerous  excellent  speci- 
mens of  the  type  species,  but  also  of  at  least  two  others,  among  them  some  with  almost  the 
complete  crinoid  beautifully  preserved.  Only  a few  of  these  are  shown  by  the  drawings. 

Allocrinus  typus  Wachsmuth  and  Springer 
Plate  6,  figs.  1-4 

Wachsmuth  and  Springer,  Geol.  Surv.  Illinois,  8,  1890,  p.  207,  pi.  14,  figs.  7-8;  N.  A.  Crin.  Cam.,  1897,  p.  307, 

pi.  24,  figs.  7a,  b. 

The  long,  broad  and  somewhat  convex  uniserial  brachials  give  to  the  arms 
an  aspect  of  massiveness  and  simplicity.  Having  a shallow,  concave  base,  with 
radials  forming  part  of  the  concavity  and  projecting  into  a prominent  rim  at 
the  margin,  the  calyx  is  fairly  broad  and  expands  upward  to  the  arm-bases. 
Cup  plates  all  strongly  nodose.  With  one  of  the  well  preserved  crowns  we  are 
able  to  show  the  round  stem,  with  its  rather  long  columnals,  to  its  full  length, 
with  terminal  roots  attached  indicating  attachment  to  a soft  bottom. 

Ploricon  and  locality.  Beech  River  formation,  Xiaga.ran  ; Decatur  and  Wayne  counties, 
T ennessee. 

Allocrinus  ponderosus  new  species 
Plate  6,  figs.  5,  6 

Similar  to  the  type,  but  differing  in  the  extremely  ponderous  arms,  widely 
swollen  in  the  middle,  combined  with  a very  short  and  narrow  calyx. 

Horizon  and  locality.  Beech  River  formation,  Niagaran ; Decatur  County,  Tennessee. 

Allocrinus  longidactylus  new  species 
Plate  6,  figs.  /-lo 

Distinguished  by  extreme  length  and  relative  slenderness  of  the  arms, 
which  impart  a different  aspect  to  the  complete  crown.  Thus  the  arms  lie  much 
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farther  apart  and  afford  a view  of  the  close  fringe  of  pinnules,  which  are 
scarcely  visible  in  the  preceding  species.  The  calyx  is  relatively  broader,  and 
the  nodes  upon  the  cup  plates  are  very  conspicuous,  especially  the  single  large 
iBr  which  by  its  central  node  stands  out  distinct  from  the  others.  One  specimen 
is  characterized  by  excessively  large  radials. 

Horison  and  locality.  Beech  River  formation,  Niagaran  ; Decatur  County,  Tennessee. 

Allocrinus  benedicti  S.  A.  Miller 
Plate  6,  figs,  ii,  12 

Allocrinus  benedicti  Miller,  17th  Ann.  Rep.  Indiana  Dep.  Geol.,  1892,  p.  647,  pi.  7,  fig.  i. — Wachsnnith  and 
Springer,  N.  A.  Crin.  Cam.,  1897,  p.  308,  pi.  24,  figs.  8a,  b. 

Miller’s  figure  gave  no  idea  of  generic  or  .specific  characters,  being  made 
from  a fragment.  I am  figuring  two  good  crowns  to  show  the  form  as  it  occurs 
in  the  Laurel,  in  which  the  calyx  plates  are  more  broadly  rounded  and  the  arms 
rather  less  robust  than  in  the  type. 

Horizon  and  locality.  Laurel  limestone,  Niagaran ; St.  Paul,  Indiana. 

PATELLIOCRINUS  Angelin 
Plate  6 

Patelliocrmus  Angelin,  Icon.  Crin.  Suecc.  1878,  p.  i. — Zittel,  Handb.  Pal.,  1879,  P-  3^8. — Wachsmuth  and 
Springer,  Rev.  Pal.,  2,  1881,  p.  100. — Bather,  Treatise  on  Zool.,  3,  1900,  p.  162. — Zittel-Eastman, 
Textb.  Pal.,  2d  ed.  1913,  p.  191. — Jaekel,  Phylogenie  und  System,  1918,  p.  36. 

BB  3,  unequal.  Dorsal  cup  elongate.  No  anal  plates ; iBr  few.  Arms  biserial 
or  cuneate  uniserial. 

Genotype.  Patclliocrinits  pacliydactylns  Angelin. 

Distribution.  Silurian  ; Gotland,  America. 

This  Gotlandian  genus,  now  for  the  first  time  doubtfully  recognized  in  America,  while 
having  a simple  calyx  with  3 BB  and  a large  iBr  with  anal  side  not  dift'erentiated,  is  widely 
separated  from  the  preceding  by  its  elongate,  conical  cup  and  biserial  arms.  Angelin  de- 
scribed 9 species  in  which  there  is  considerable  confusion  of  generic  characters.  The  figures 
cannot  be  depended  on  (Bather,  Crinoidea  of  Gotland,  p.  5)  for  details,  and  it  is  hard  to  tell 
exactly  what  should  be  considered  as  tbe  type.  But  I have  taken  P.  pinnulatiis,  pi.  24,  fig.  5. 
as  a fair  representative,  and  there  is  among  several  of  the  species  a general  similarity  which 
seems  to  warrant  the  reference  of  our  species,  in  default  of  anything  better. 

Patelliocrinus  ornatus  new  species 
Plate  6,  figs,  ig-i pa 

The  surface,  as  shown  by  several  specimens,  is  almost  invariably  ornate, 
with  variations  in  intensity  due  to  erosion  or  growth.  It  is  best  shown  by 
figs.  15,  15a,  from  a free  specimen  unusually  well  preserved,  in  which  the  stout 
biserial  arms  and  crowded  pinnules  are  in  place.  The  relatively  small  radials 
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are  common  to  all  the  specimens.  It  is  probable  that  the  specimen  named  by 
Miller  and  Gurley  Macrostylocrinus  indianensis,  Bull.  6,  Illinois  St.  Mus.,  pi.  3, 
fig.  33,  belongs  to  this  genus,  but  the  figure  is  too  indistinct  for  comparison. 

Horizon  and  locality.  Laurel  limestone,  Niagaran;  St.  Paul,  Indiana. 

Patelliocrinus  rugosus  new  species 
Plate  6,  figs.  16-18 

With  its  strong  rugose  sculpturing,  this  species  may  be  distinguished  from 
the  preceding  by  the  great  preponderance  in  size  of  the  radials. 

Horizon  and  locality,  same  as  last. 

Patelliocrinus  laevis  new  species 
Plate  6,  figs,  ig,  20 

Differs  from  the  two  preceding  by  its  perfectly  smooth  surface  and  greater 
elongation  of  calyx. 

Horizon  and  locality,  same  as  last. 

genus  and  species  indet. 

Plate  6,  figs.  2i-2ih 

An  apparently  complete  crown,  having  a low  calyx  of  smooth,  rounded 
plates,  three  small  unequal  BB,  large  RR  followed  by  a single  IBr  which  is 
axillary,  filling  most  of  the  distal  face  of  the  R,  and  supporting  two  stout,  biserial 
arms.  There  seems  to  be  a single  iBr,  mostly  not  very  well  defined,  but  with 
the  posterior  one  the  largest,  and  no  other  indication  of  anal  structures.  It 
would  seem  that  with  so  many  details  available  it  should  not  be  difficult  to  de- 
termine the  systematic  position  of  this  fossil,  but  after  repeated  efforts,  aided 
by  consultation  with  colleagues,  I am  still  obliged  to  confess  my  inability  to 
treat  it  intelligently.  It  is  doubtless  a new  genus,  but  where  to  place  it,  I do  not 
know.  So  I am  giving  the  facts  as  I and  the  artist  see  them,  and  leaving  it  to 
others  to  continue  the  guessing. 

Horizon  and  locality.  Beech  River  formation,  Niagaran;  Decatur  County,  Tennessee. 

LAURELOCRINUS  new  genus 
Plate  7 

This  genus  is  proposed  for  an  assemblage  of  peculiar  forms  from  the 
St.  Paul  beds,  which  will  not  fit  into  any  already  known.  But  for  the  tripartite 
base  it  might  go  under  Clonocrinus , but  that  would  mean  rather  wide  variation 
from  the  type.  Our  specimens,  while  in  considerable  number,  are  all  deficient 
in  the  upper  part  of  the  calyx  and  crown,  so  that  we  are  without  information 
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as  to  the  arms,  or  even  with  certainty  as  to  the  higher  brachials.  The  characters 
are  an  elongate  calyx,  cylindrical  or  slightly  contracting  upwards;  base  com- 
posed of  3 small  BB,  unequal,  forming  with  the  RR  a broad,  flattened,  or  shal- 
low concave  disk ; RR  very  large,  curving  below  into  the  base  and  upward  into 
the  sides  of  the  cup;  IBr  and  iBr  have  peculiar  variations — the  latter  usually 
one  elongate  plate  with  or  without  a small  one  in  succession.  Four  species  are 
indicated,  based  upon  rather  minor  differences  visible  in  the  specimens  as 
preserved. 

Genotype.  Laurelocrinus  paulensis  new  species. 

Distribution.  Silurian ; America. 

Laurelocrinus  paulensis  new  species 
Plate  J,  figs.  i-8 

A large,  robust  species,  with  broad  base  and  sides  rising  nearly  straight; 
first  IBr  quadrangular,  usually  about  square,  and  iBr  elongate,  6-  or  8-sided, 
followed  by  a second  one  much  narrower;  or  exceptionally  IBr  may  be  elongate 
and  iBr  acuminate,  not  followed  by  a second;  axillary  IBr  short,  followed  by 
3 IIBr,  the  third  axillary,  indicating  probably  four  arms  to  the  ray.  BB  limited 
to  a shallow  cavity,  occupied  largely  by  the  column-facet  with  very  large  lumen. 
Surface  smooth. 

Horizon  and  locality.  Laurel  limestone,  Niagaran;  St.  Paul,  Indiana. 

Laurelocrinus  wilsoni  new  species 
Plate  7,  figs,  g-ig 

A much  smaller  form  than  the  preceding,  even  more  so  than  the  drawings 
indicate  at  first  glance,  those  of  the  latter  being  natural  size  and  of  this  enlarged 
by  one  half;  and  it  is  of  similar  contour;  first  IBr  hexagonal,  iBr  5-sided,  fol- 
lowed by  one  or  two  others.  Arms  apparently  4 to  the  ray.  Surface  in  lower 
part  tending  to  be  striate. 

Horizon  and  locality,  same  as  last. 

Laurelocrinus  gibbosus  new  species 
Plate  J,  figs.  14-16 

A similar  calyx  but  much  more  rounded,  with  extremely  large  RR  and  iBr, 
and  small  quadrangular  IBr,  all  strongly  gibbous;  base  somewhat  convex,  with 
small  column  facet  and  pentagonal  lumen. 

Horizon  and  locality,  same  as  last. 
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Laurelocrinus  spinoradialis  new  species 
Plate  j,  figs.  ly-iyh 

A medium  sized  species,  with  RR  armed  with  sharp  spines  projecting  down- 
ward; first  IBr  cjuadrangular,  short;  iBr  2 in  succession,  very  elongate,  8-  or 
9-sided;  IIBr  3 in  series,  the  first  very  large,  the  next  two  narrow  and  divided 
by  an  illBr,  the  third  axillary,  indicating  4 arms  to  the  ray.  Based  on  the  unique 
specimen  figured. 

Horizon  and  locality,  same  as  last. 

CLONOCRINUS  Ouenstedt  (not  Oehlert) 

Plate  7 

Clonocrimis  Quensteclt,  Petrel.  Deutschl.,  4,  1876,  p.  638  (not  Oehlert,  1879). — Bather,  Treatise  on  ZooL,  3, 

1900,  p.  162. — Zittel-Eastman,  Textb.  Pah,  2d  ed.  1913,  p.  190. — Jaekel,  Phylogenie  und  System, 

1918,  p.  32. 

Corymbocrinus  Angelin,  Icon.  Crin.  Suecc.,  1878,  p.  18. — Zittel,  Plandb.  Pah,  1879,  P-  373- — Wachsmuth  and 

Springer,  Rev.  Pah,  3,  1885,  p.  106. 

BB  4,  hidden  by  column ; iBr  few,  one  large  followed  by  small  ones  in 
vertical  row ; no  anals.  Arms  dichotomous,  biserial  below  and  above  the 
bifurcations. 

Genotype.  Eucalyptocrinus  polydactylus  McCoy. 

Distribution.  Silurian  : Gotland,  England,  America. 

This  genus  is  regarded  as  leading  from  the  IMelocrinidae  towards  the  Calyptocrinidae. 
having  a similar  distribution  of  the  cup  plates,  but  with  iBr  beyond  the  first  not  paired,  and 
the  arms  not  resting  in  compartments  between  partitions.  It  is  essentially  a Gotlandian  form, 
of  which  six  species  have  been  described  under  the  name  Corymbocrinus.  The  genus  is  doubt- 
fully recognized  here  from  some  imperfect  specimens  derived  from  a formation  which  has 
produced  a number  of  new  and  strange  forms,  one  of  which  is  figured. 

Clonocrinus  occidentalis  new  species 
Plate  7,  figs.  i8,  i8a 

Bias  deeply  sunken  basal  cavity,  with  the  small  BB  at  the  bottom;  and  the 
iBr  following  the  first  in  single  vertical  succession. 

This  may  be  compared  with  Corymbocrinus  lacvis  Ang.,  pi.  23,  fig.  20. 

Horizon  and  locality.  Decatur  limestone  ; near  Perry ville,  Tennessee. 
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Family  CALYPTOCRTNIDAE  Ang-elin 
i\fonocyclic.  Dorsal  cup  usually  with  4 BB  and  concave  base ; lower  brach- 
ials  and  interbracbials  incorporated  in  cup,  which  above  the  base  is  perfectly 
pentamerous;  plates  of  calyx  usually  limited  to  a definite  number;  radials  in 
contact  all  around ; no  anals ; arms,  usually  20,  resting  in  pairs  in  compartments 
formed  by  vertical  partitions  borne  by  processes  rising  from  the  fixed  iBr  and 
iTIBr  to  varying  heights;  tegmen  elevated  in  a central  anal  tube,  and  composed 
of  4 circlets  of  large  plates  variously  shaped  bearing  the  partitions.  Silurian 
and  Devonian. 

For  instructive  diagrams  illustrating  the  structure,  see  N.  A.  Crin.  Cam.,  1897,  p.  331. 


EUCALYPTOCRINUS  Goldfuss 
Plates  7,  8,  p 

EucaJyt'tocrinites  Goldfuss,  Petref.  Germ.,  1826,  p.  214. 

Eucalypfocrinus,  Agassiz,  Ann.  Nat.  Hist,  1838,  p.  447. — Wachsmiith  and  Springer,  Rev.  Pal,  3,  1885, 
p.  127;  N.  A.  Crin.  Cam.,  1897,  p.  332. — Bather,  Treatise  on  Zool.,  3,  igco,  p.  164. — 'Weller,  Bull. 
Chicago  Acad.  Sci.,  4,  pt  i,  1900,  p.  102. — Zittel-Eastman,  Textb.  Pal.,  2d  ed.,  1913,  p.  192. — ^Jaekel, 
Phylogenie  und  System,  1918,  p.  32. — -Complete  reference  with  list  of  synonyms  and  species,  Bassler, 
Bibliogr.  Index,  1915,  pp.  501-507. 

Calyx  elongate  to  wide  spreading;  BB  4,  at  bottom  of  an  inverted  funnel 
formed  by  RR  at  the  sides,  followed  by  IBr,  IIBr  and  IIIBr,  2 each;  iBr  one 
large  8-  or  lo-sided,  angular  above,  supporting  a pair  of  elongate  plates  of 
second  range  extending  upward  between  the  arm-bases  to  a connection  with 
the  partitions;  a single  ilTBr  of  similar  form  rests  upon  the  truncate  second 
IBr  and  connects  with  the  partition  in  line  with  the  ray.  No  anals.  Arms 
biserial,  paired,  resting  in  to  vertical  compartments  bounded  by  partitions  sup- 
ported by  processes  arising  from  the  iBr  and  illBr  plates  extending  the  full 
height  of  the  tegmen  and  meeting  above  in  a circlet  of  peripheral  plates.  Tegmen 
composed  usually  of  4 ranges  of  plates,  tubular,  expanding  upward  into  a 
canopy  having  an  inner  set  of  plates  variable  in  number,  often  4,  surrounding 
a central  anal  opening,  either  direct,  or  produced  into  a short  tube. 

Genotype.  Eucalyptocriniis  rosacens  Goldfuss. 

Distribution.  Silurian;  Gotland,  England,  America.  One  species  in  Middle  Devonian, 
Germany. 

This  prolific  Silurian  genus,  first  described  from  a Devonian  species,  which  still  remains 
the  only  one  known  from  that  epoch,  has  by  the  growth  of  research  become  the  leading  known 
crinoid  of  its  typical  horizon,  both  in  variety  and  distribution.  Some  40  species  have  now 
been  described  from  the  European  and  American  areas,  including  7 from  Gotland,  3 from 
England,  and  30  from  the  Niagaran  of  America,  some  of  which  are  probably  synonyms. 
The  American  species  are  distributed  among  the  subdivisions  of  the  Niagaran  as  follows ; 
Rochester  4,  Waldron  7,  Racine  9,  Beech  River  8.  Decatur  2.  The  last  2 are  now  first  de- 
scribed, one  of  them  marking  a new  departure  from  the  type.  The  Tennessee  collections 
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from  the  Beech  River  formation  and  the  Waldron  shale  at  Newsom  have  yielded  exception- 
ally fine  material  of  already  known  species,  some  of  which  I am  illustrating  with  new  figures, 
where  the  characters  are  better  shown  than  in  the  originals.  Several  of  the  leading  forms  are 
so  amply  treated  in  the  published  accounts  that  further  attention  is  not  needed.  A full  list 
of  the  species  with  their  references  is  given  in  Bassler’s  Index.  This  genus  is  remarkable  for 
the  absolute  uniformity  of  its  cup  plates.  In  all  the  numerous  species  there  is  scarcely  a 
variation  from  the  number,  form  and  distribution  of  the  plates  as  above  stated. 

Eucalyptocrinus  elrodi  S.  A.  Miller 
Plate  8,  figs,  i,  2 

Eucalyptocrinus  elrodi  Miller,  17th  Rep.  Indiana  Dep.  Geol.,  1892,  p.  650  (adv.  sheets,  p.  40),  pi.  7, 
figs.  9,  10. — Wachsmuth  and  Springer,  N.  A.  Crin.  Cam.,  1897,  p.  339,  pi.  81,  figs,  ya,  8-13. — Bassler, 
Bibliogr.  Index,  1915,  p.  503,  504. 

The  colony  of  the  Waldron  shale  at  Newsom  seems  to  have  been  particu- 
larly favorable  to  the  growth  of  this  and  the  succeeding  species,  they  having- 
attained  a size  unprecedented  in  the  genus.  I figure  here  two  calices  far  exceed- 
ing those  from  the  type  locality,  and  in  which  the  pustulose  ornament  in  two 
styles  is  wonderfully  sharp,  and  the  calyx  plates  are  delineated  with  the  clarity 
of  a diagram. 

Horizon  and  locality.  Waldron  shale,  Niagaran ; Hartsville  and  Waldron,  Indiana; 
Newsom,  Tennessee. 


Eucalyptocrinus  magnus  Worthen 
Plate  8,  fig.  g 

Eucalyptocrinus  magnus  Worthen,  Geol.  Snrv.  Illinois,  6,  1875,  p.  501,  pi.  25,  fig.  3. — Wachsmuth  and 
Springer,  N.  A.  Crin.  Cam.,  1897,  P-  348,  ph  82,  figs.  7,  8. — Bassler,  Bibliogr.  Index,  1915,  p.  505. 

This  figure  of  a cup  75  mm.  in  diameter  is  given  to  show  the  maximum 
size  that  may  be  attained  by  the  genus.  It  is  not  an  isolated  example,  as  the 
species  is  typically  large,  with  cup  low,  broad  and  smooth,  and  specimens  are 
not  uncommon  of  approximately  the  dimensions  of  this.  It  is  abundant  in  the 
Waldron  beds  at  Newsom,  and  a characteristic  fossil  of  them,  not  having  been 
found  at  the  Indiana  localities,  although  it  is  reported  from  the  Racine  dolomite 
of  the  Chicago  area.  For  the  opposite  extreme  in  size  reference  should  be  had 
to  E.  avails,  of  which  some  specimens  are  less  than  5 mm.  in  diameter,  and  which 
rarely  exceed  10  or  12  mm.  (see  N.  A.  Crin.  Cam.,  pi.  82,  fig.  4). 

Horizon  and  locality.  Waldron  shale,  Niagaran;  Newsom,  Tennessee. 

Eucalyptocrinus  lindahli  Wachsmuth  and  Springer 
Plate  8,  figs.  4-5 

Eucalyptocrinus  lindahli  Wachsmuth  and  Springer,  Am.  Geol.,  1892,  p.  139;  N.  A.  Crin.  Cam.,  1897,  p.  347, 
pi.  82,  fig.  9. — Wood,  Bull.  64,  U.  S.  Nat.  Mus.,  1909,  p.  47,  pi.  12,  figs.  5,  6. — Bassler,  Bibliogr.  Index, 
1915,  p.  504. 

A rare  species,  which  was  unknown  to  collectors  from  the  time  of  Troost, 
who  exhibited  in  1849  what  he  rightly  called  a magnificent  specimen  under  the 
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name  Eiicalyptocrinus  splendidus  which  remained  buried  in  his  unpublished 
monograph  until  1909,  down  to  the  date  of  Wachsmuth  and  Springer’s  descrip- 
tion. Only  two  or  three  specimens  have  been  found,  all  remarkably  true  to  type, 
from  which  I am  giving  figures  of  a very  mature  and  what  may  be  a young  indi- 
vidual. The  depressed  interbrachial  partitions  wholly  lack  the  thickening  and 
wide  extension  of  those  of  E.  milliganae ; instead  they  are  narrow  and  knife- 
like, with  a peculiar  splitting  or  doubling  at  the  extreme  upper  end — seen  also 
in  E.  ventricosus. 

Horison  and  locality.  Beech  River  formation,  Niagaran ; Wayne  and  Decatur  counties, 
Tennessee. 

Eucalyptocrinus  milliganae  Miller  and  Gurley 
Plate  8,  figs.  6-8 

Eucalyptocrinus  milliganae,  Miller  and  Gurley,  Bull.  lo,  Illinois  St.  Mus.,  1896,  p.  88,  pi.  5,  figs.  4-6. — 
Bassler,  Bibliogr.  Index,  1915,  p.  505. 

This  is  one  of  the  best  defined  species  of  the  genus,  but  Miller  and  Gurley’s 
type  specimens  were  imperfect  and  failed  to  show  its  most  distinctive  character, 
the  wing-like  projections  of  the  interbrachial  partitions,  as  is  seen  in  the  three 
specimens  I have  figured,  especially  fig.  6.  These  are  selected  out  of  a dozen  or 
more  crowns  almost  equally  perfect,  from  a colony  in  the  uppermost  shale  of 
the  Beech  River  formation  at  Tuck’s  Mill,  which  by  their  prominence  gave  to 
that  bed  the  name  Eiicalyptocrinus  zone.  These  specimens  vary  greatly  in  size, 
from  20  to  50  mm.  in  height  of  crown,  but  without  exception  they  have  the  pro- 
jecting partitions  more  or  less  indicated  by  which  the  species  is  readily  distin- 
guished. This  is  modified  by  growth,  being  more  pronounced  in  the  older  indi- 
viduals. Along  with  this  character  the  turbinate  calyx,  broadly  truncate  at  the 
base,  and  the  smooth  surface,  are  substantially  as  described,  and  the  median 
swelling  of  the  arms,  narrowing  to  fine  points  above,  is  to  be  noted ; they  do  not 
fold  over  the  tegmen  or  encroach  upon  it  in  any  way,  but  the  widening  parti- 
tions curve  over  to  a junction  with  the  central  parts,  forming  a broad,  flat  cir- 
cular roof,  with  all  its  plates  well  exposed.  This  is  in  marked  contrast  with 
E.  ventricosus  in  which  the  exposed  part  of  the  tegmen  is  reduced  to  a small  disk. 

Horizon  and  locality.  Beech  River  formation.  Eucalyptocrinus  zone,  Niagaran;  Tuck’s 
Mill,  Decatur  County,  Tennessee. 

Eucalyptocrinus  ventricosus  Wachsmuth  and  Springer 
Plate  8,  figs,  g-12 

Eucalyptocrinus  ventricosus  Wachsmuth  and  Springer,  N.  A.  Grin.  Cam.,  1897,  p.  341,  pi.  83,  figs,  ii,  12. — 
Bassler,  Bibliogr.  Index,  1915,  p.  507. 

The  most  abundant  species  in  the  Beech  River  formation,  being  found  at 
almost  all  the  localities  throughout  the  Tennessee  river  area,  but  only  at  the 
Tuck’s  mill  beds  have  such  finely  preserved  specimens  been  recovered  as  those 
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I am  figuring.  It  is  notable  always  for  the  full  rotundity  of  contour,  the  arms 
infolding  closely  over  the  margin  of  the  tegmen,  with  slightly  visible  partitions, 
leaving  exposed  only  a small  disk  in  the  center,  in  strong  contrast  to  the  wide- 
spreading  roof  of  E.  miUiganae. 

Horizon  and  locality.  P>eech  River  formation,  Niagaran ; Decatur,  Wayne  and  Perry 
counties,  Tennessee. 


Eucalyptocrinus  sp. 

Plate  8,  fig.  ig 

A form  from  the  Beech  River  formation,  Decatur  County,  Tennessee,  with  cup  once 
and  a half  wider  than  high,  and  unusually  tumid  plates,  probably  different  from  the  other 
species. 


Eucalyptocrinus  pernodosus  new  species 
Plate  9,  figs.  1-4 

This  species,  from  the  uppermost  Niagaran,  stands  out  distinct  from  the 
others  by  its  extremely  low  and  broad  cup,  twice  as  wide  as  high,  relatively 
enormous  RR,  and  the  high  convexity  of  its  cup-plates.  In  mature  specimens, 
as  in  figs,  i and  2,  this  goes  to  the  extreme  of  nodosity,  the  plates  being  medially 
produced  into  spinous  projections  resemlfiing  pegs.  The  crown  is  unusually 
elongate,  exceeding  the  longest  of  E.  inilligauae  by  20  per  cent,  but  this  exces- 
sive length  is  strictly  in  the  arms,  which  are  also  stout,  with  little  taper,  but 
folding  over  at  the  tips  between  the  narrow  partitions,  which  are  thus  left  well 
exposed  surrounding  a relatively  small  median  disk.  This  and  the  forms  follow- 
ing are  the  only  examples  of  the  genus  as  yet  found  in  this  formation.  In  con- 
tour of  cup  the  species  may  be  compared  with  E.  depressas  of  S.  A.  Miller,  from 
the  Racine  dolomite,  figured  iu  N.  A.  Crin.  Cam.,  pi.  82,  fig.  3. 

Horizon  and  locality.  Decatur  limestone,  Niagaran;  quarries  above  Perry ville,  Ten- 
nessee. 


Eucalyptocrinus  sculptilis  new  species 
Plate  9,  figs.  g-6a 

This  companion  species,  from  the  same  horizon  as  the  last,  is  the  reverse 
of  it  in  most  of  the  characters.  Instead  of  the  broad,  low  cup,  it  is  here  of  the 
subturbinate  type  frequent  in  the  genus,  and  in  place  of  the  striking  convex  or 
nodose  elevation  of  the  plates,  there  is  an  equally  striking  surface  marked  by  a 
delicate  sculpturing  extending  from  the  RR  to  the  uppermost  cup-plates.  The 
singular  appearance  of  the  stem  shown  in  fig.  5 is  due  to  a peculiar  spreading 
of  the  long  nodal  ossicles,  exposing  between  them  a greater  number  of  short 
internodals.  The  structure  is  evidently  similar  to  that  seen  in  the  Devonian 
Dolatocriiuis,  as  is  fully  explained  and  illustrated  in  my  paper  upon  that  genus. 
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Bull.  1 15,  BJ.  S.  Nat.  Mils.,  1921,  pp.  16-18,  pis.  9,  10.  Presumably  the  long- 
rounded  columnals  in  the  stem  of  fig.  5 are  nodals  similarly  overgrown,  hut 
without  separation  to  expose  the  intervening  plates. 

Horiaon  and  locality.  Decatur  limestone,  Niagaran ; Bluffs  near  Perryville,  Tennessee. 

Eucalyptocrinus  sp. 

Plate  p,  figs,  y,  ya 

A form  from  the  same  horizon  as  the  preceding  having  a perfectly  smooth  surface  and 
turbinate  calyx,  -which  may  he  a new  species,  hut  the  characters  are  not  sufficiently  pro- 
nounced for  description,  and  there  is  a little  uncertainty  as  to  the  number  of  IBr. 

Horizon  and  locality,  same  as  last. 

Eucalyptocrinus  crassus  Hall 

Plate  y,  figs,  ig,  20 

Eucalyptocrinus  crassus  Hall,  Trans.  Albany  Inst.,  4,  1863,  p.  197. — Bassler,  Bibliogr.  Index,  1915,  p.  503. 

The  most  abundant  American  species,  amply  illustrated  in  various  publica- 
tions noted  in  the  Index.  The  two  figures  are  given  here  merely  for  comparison 
with  Gatsaerinus  in  regard  to  the  ventral  pyramid.  The  structure  is  further 
shown  in  the  Camerata  monograph,  pi.  8i,  figs.  12,  14,  15. 

Horizon  and  locality.  Waldron  shale  ; the  specimens  figured  are  from  Hartsville,  Indiana, 
hut  the  species  also  occurs  abundantly  at  Waldron,  and  at  Newsom,  Tennessee,  and  is  reported 
from  the  Racine  dolomite  of  the  Chicago  area. 

CALLICRINUS  D’Orbigny 
Plate  p 

Callicrinitcs  D’Orbigny,  Prodr.  Pal.,  i,  1849,  p.  45. 

Callicrinus  Pictet,  Traite  Pal.,  2d  ed.,  4,  1857,  p.  301. — Wachsmuth  and  Springer,  Rev.  Pal.,  3,  1885,  p.  135: 

N.  A.  Crin.  Cam.,  1897,  p.  353. — Weller,  Jour.  Geol.,  5,  1897,  p.  774;  Bull.  Chicago  .Vead.  Sci.,  4,  pt.  i, 

1900,  p.  1 17,  fig.  47. — Bather,  Treatise  on  ZooL,  3,  1900,  p.  164,  fig.  77. — Zittel-Eastman,  Textb.  Pal., 

2d  ed.,  1913,  p.  192. — Complete  reference  and  list  of  species,  Bassler,  Bibliogr.  Index,  1915,  p.  158. 

Similar  to  Euealyptoeriniis  in  the  cup,  but  basal  concavity  usually  broader; 
tegmen  contracting  to  a decanter  shape,  and  partitions  only  extending  part  way 
to  ends  of  arms  ; large  spinous  processes  frecjuently  given  otT  from  plates  of  cup 
and  tegmen,  the  upper  circlet  of  the  latter  often  extended  in  four  c|uadrant- 
shaped  horizontal  projections,  sometimes  to  a considerable  length. 

Genotype.  Eugeniacrinites  costatiis  Hisiuger. 

Distributio7i.  Silurian ; Gotland,  England,  America. 

This  closely  allied  form,  also  typically  Gotlandian,  has  added  eight  more  species  to  the 
Calyptocrinid  type  for  that  area,  besides  one  or  two  perhaps  undescribed,  from  England.  It 
also  became  well  established  in  the  American  Silurian,  where  if  judged  by  the  number  of 
reported  species  it  would  appear  to  be  one  of  the  leading  crinoids,  limited,  with  one  exception, 
to  a single  formation  or  its  ecpiivalent,  the  Racine  dolomite  of  the  Chicago  area,  from  which 
nine  species  have  been  described.  As  these  species  are  nearly  all  based  upon  internal  casts  of 
the  calyx,  in  which  some  of  the  characters  are  obscure  or  not  shown  at  all,  there  is  probably 
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in  this  genus,  as  well  as  in  Eucalyptocrinus,  some  duplication.  The  generic  relations  of  the 
species  were  at  first  not  understood,  some  being  described  under  Eucalyptocrinus  and  some 
as  a strange  organism  called  by  Hall  Cryptodiscus,  now  known  to  be  appendages  of  the 
Callicrinus  tegmen.  Weller  was  the  first  to  point  out  this  fact,  and  his  studies  upon  the 
abundant  material  of  the  Chicago  area  did  much  toward  clarifying  our  understanding  of  the 
American  occurrences. 

Most  instructive  figures  for  the  explanation  of  the  genus  are  given  by  Bather  in  the 
Treatise  on  Zoology  (Lankester),  3,  1900,  p.  163. 

The  exceptional  species  from  the  Laurel  formation  described  by  Wachsmuth  and 
Springer  from  a single  specimen  can  now  be  further  illustrated,  and  some  of  its  characters 
better  defined.  From  fragments  we  know  that  there  were  other  species  in  the  same  beds. 

Callicrinus  beachleri  Wachsmuth  and  Springer 
Plate  p,  figs.  8-1  g 

Calticrimis  beachleri  Wachsmuth  and  Springer,  Am.  Geoh,  10,  1892,  p.  140;  N.  A.  Grin.  Cam.,  1897,  p.  355, 

pi.  83,  figs.  14a,  b. 

The  series  of  figures  from  six  specimens  here  given  are  especially  directed 
to  the  surface  characters  of  the  dorsal  cup,  which  is  notable  for  the  extremely 
high  and  sharp  wavy  ridges  which  traverse  the  plates  from  radials  to  arm-bases. 
In  the  type  specimen  this  was  much  obscured  by  hard  matrix,  but  these  speci- 
mens occurred  in  a soft  granular  limestone  readily  removed  by  preparation. 
The  smooth,  decanter-shaped  pyramid  enclosed  by  the  arms,  with  the  very  short 
partitions  at  the  lower  margin,  are  also  well  shown. 

Horizon  and  locality.  Laurel  limestone,  Niagaran ; St.  Paul,  Indiana. 

Callicrinus  sp. 

Plate  p,  figs.  14-15 

These  are  the  terminal  quadrant-shaped  plates  of  the  tubular  tegmen  which 
abut  by  fours,  with  a small  anal  opening  in  the  middle.  First  described  by  Hall 
as  Cryptodisciis,  they  have  been  thoroughly  explained  by  Weller  in  his  paper 
for  the  Chicago  Academy,  and  Bather’s  figures  2,  3 and  4,  on  page  163  of  the 
Lankester  Zoology,  show  how  they  go  together. 

Horizon  and  locality.  Laurel  limestone,  St.  Paul,  Indiana. 

Callicrinus  sp. 

Plate  p,  fig.  16 

This  is  another  of  the  cjuadrant  plates  which  were  only  connected  with 
their  fellows  by  short  sutures,  and  beyond  that  were  produced  into  greatly 
elongated,  rounded  appendages.  Doubtless  these  types  represented  different 
species,  perhaps  some  of  those  described  by  Weller  from  the  Chicago  area,  but 
we  have  only  the  fragments  of  this  and  the  preceding  form,  which  are  too 
meagre  for  comparison  of  species. 

Horizon  and  locality,  same  as  last. 
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Family  BATOCRINIDAE  Wachsmuth  and  Springer 

Monocyclic.  Base  hexagonal.  BB  3,  equal.  Lower  brachials  and  inter- 
brachials  incorporated  in  dorsal  cup;  radials  in  contact  except  at  anal  side; 
proximal  anal  plate  in  line  with  RR,  heptagonal,  followed  by  three  in  second 
range;  rays  usually  branching  within  the  cup,  and  the  free  arms  simple,  pin- 
nulate;  first  primibrach  quadrangular  except  in  Periechocrininae.  Ordovician 
to  Carboniferous. 

Jaekel,  Phylogenie  und  System,  1918,  p.  34,  goes  back  to  the  plan  of  Angelin,  and  while 
rejecting  Monocyclica  and  Dicyclica  as  grand  divisions  of  the  crinoids,  proposes  monocyclic 
suborders  based  upon  the  number  of  basals  ; but  after  listing  those  of  4 and  5 BB  as  Tetramera 
and  Pentamera,  he  throws  the  remainder,  whether  with  3,  2,  or  undivided  basals,  into  a 
single  suborder,  Miomera.  Under  this  he  puts  together  all  Batocrinidae  and  Actinocrinidae 
into  the  younger  family,  Actinocrinidae,  a short-lived  derivative  of  the  other,  on  the  ground 
that  the  distinguishing  character  between  them,  viz. : that  the  first  has  three  and  the  last  two 
anals  in  the  second  range  “ would  scarcely  be  sufficient  even  for  separating  genera.”  In  this 
he  completely  ignores  the  almost  unrivaled  constancy  of  the  characters  by  which  these  two 
families  are  separated  according  to  the  accepted  classification. 

It  is  now  well  known  that  among  the  crinoids  modifications  of  the  anal  structures  yield 
characters  of  the  highest  taxonomic  value.  A character  in  zoological  classification  derives 
its  value,  as  has  been  repeatedly  pointed  out  by  the  most  eminent  authorities,  not  from  its 
physiological  importance,  but  from  the  uniformity  with  which,  however  unimportant  func- 
tionally, it  prevails  throughout  many  different  species,  and  is  common  to  a great  number  of 
forms  and  not  common  to  others.  Here  the  family  Batocrinidae,  extending  from  the  Ordo- 
vician to  the  later  Lower  Carboniferous,  with  nearly  300  species,  distributed  among  24  genera 
which  differ  among  themselves  by  many  striking  and  conspicuous  features,  is  held  together 
by  a definite  structure  of  the  anal  aiea,  without  the  slightest  deviation  save  an  occasional 
sporadic  specimen.  A perfectly  evident  transitional  genus  leads  to  the  Actinocrinidae,  the 
character  of  which  is  equally  constant  and  invariable  in  over  100  species,  and  7 thoroughly 
well  defined  genera. 

No  one  looking  at  a complete  collection  exhibiting  the  entire  assemblage  of  genera  and 
species  under  these  two  forms,  or  at  the  ample  illustrations  of  them  as  given  in  the  Camerata 
monograph,  will  doubt  for  a moment  that  the  far-reaching  characters  by  which  they  are 
defined  mark  the  lines  of  descent.  For  an  author  of  a systematic  work  to  say  that  they  would 
hardly  serve  for  separating  genera,  is  pure  dogmatic  assertion,  made  without  the  slightest 
consideration  of  the  facts. 

Subfamily  CARPOCRININAE  Bather 

BB  3;  RR  rather  large;  IBr  quadrangular;  IIBr  usually  passing  into  the 
free  arms,  mostly  2,  occasionally  3,  4,  or  5 to  the  ray;  iBr  definitely  arranged; 
anal  plates  in  vertical  row;  tegmen  composed  of  numerous  small  plates,  with 
orals  in  the  center  compressed ; column  round. 
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CARPOCRINUS  Muller 
Plate  7 

Carpocrinns  Miiller,  Monatsb.  Berlin  Acad.  Wiss.,  i,  1848,  p.  208:  Verb.  Naturh.  Verein,  12,  1855,  p.  19. — 
Wachsmuth  and  Springer,  Rev.  Pal.  2,  1881,  p.  105  (full  synonymy,  pp.  107,  108). — Bather,  Treatise 
on  Zool,  3,  1900,  p.  166. — Zittel-Eastman,  Textb.  Pal,  2d  ed.,  1913,  p.  194. — Jaekel,  Phylogenie  und 
System,  1918,  p.  37. 

Phoenicocrunus  Austin,  Ann.  Mag.  Nat.  Hist.,  ii,  1843,  p.  205. — Abracrimis  D’Orbigny,  Prodr.  Pal,  i, 
1850,  p.  47. — Habrocriims  Angelin,  Icon.  Crin.  Suecc.,  1878,  p.  3;  Pionocrinus  Ang.,  ibid.,  p.  4;  Lepto- 
crinus  Ang.,  ibid.,  p.  3. 

Calyx  rotund  with  protuberant  base;  iBr  usually  in  several  ranges;  anals 
in  prominent  ridge ; arms  stout,  not  over  two  to  the  ray,  with  brachials  uniserial, 
quadrangular  or  slightly  cuneate,  bearing  a pinnule  on  each  side,  sometimes 
two  at  the  longer  face. 

Genotype.  Actinocrinites  simplex  Phillip.s. 

Distribution.  Silurian ; Gotland,  England,  America. 

This  genus,  treated  under  several  names,  is  one  of  the  most  prolific  of  the  north  Euro- 
pean Silurian,  from  which  no  less  than  nineteen  species  have  been  described,  all  occurring 
in  Gotland,  and  at  least  one  also  in  England.  A full  list  is  given  by  Wachsmuth  and  Springer, 
Rev.  Pah,  2,  pp.  107-8.  Representing  as  it  does  an  early  and  simple  Batocrinid  type,  some 
migrational  extension  into  the  American  Silurian  might  well  be  expected,  and  in  fact  was 
looked  for  with  confidence  as  the  Niagaran  fauna  of  Indiana  and  Tennessee  began  to  show 
its  remarkable  development.  So  far  this  expectation  has  been  realized  by  only  a single  species, 
which  is  believed  to  he  fully  characteristic  as  judged  by  the  calyx  alone.  Eor  comparison,  and 
to  illustrate  the  accompanying  type  of  arms  with  their  doubled  pinnules,  I am  figuring  on 
plate  7 a complete  crown  of  C.  simplex,  the  species  which  is  common  to  England  and  Gotland. 

Carpocrinus  sculptus  new  species 
Plate  7,  figs.  2i-2ih 

Except  for  the  absence  of  arms,  the  specimen  is  very  perfect,  the  calyx 
being  entirely  free  including  the  tegmen  ; even  of  the  arms  there  are  short  stumps 
in  one  ray,  enough  to  show  that  they  have  the  number,  stoutness  and  uniserial 
brachials  characteristic  of  the  genus.  The  calyx  is  well  rounded,  with  protuber- 
ant base,  proportionally  more  elongate  and  with  more  ranges  of  iBr  than  usual. 
Median  row  of  anal  plates  very  conspicuous,  passing  up  into  the  tegmen  to  an 
opening  midway  from  the  center  and  next  to  the  posterior  oral,  bordered  by  a 
circlet  of  small  convex  plates.  Tegmen  strongly  marked  by  5 very  distinct  orals, 
4 small  partly  enclosing  the  much  larger  posterior  one,  and  extremely  conspicu- 
ous ambulacra  with  a double  series  of  covering  plates,  passing  outward  and 
branching  to  the  to  arm-openings ; interambnlacra  small  and  numerous.  Surface 
of  cup  plates  very  ornately  sculptured;  this  is  sharp  and  distinct  on  the  part 
which  was  imbedded  in  the  soft  matrix,  fig.  21,  but  in  fig.  2\a.  owing  to  erosion, 
the  surface  appears  perfectly  smooth. 

Two  of  Angelin’s  species,  Hahrocrinus  ornatissimus  and  PI . ornatus,  have  a similar  orna- 
mentation, but  are  otherwise  different. 

IPorizon  and  locality.  Laurel  limestone,  Niagaran;  St.  Paul,  Indiana. 
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DESMIDOCRINUS  Angelin 
Plate  7 

Desmidocrinus  Angelin,  Icon.  Crin.  Suecc.,  1878.  p.  5.— Wachsmuth  and  Springer,  Rev.  Pal.,  2,  1881, 
p.  108. — Bather,  Treatise  on  Zool.,  3,  1900,  p.  166. — Zittel-Eastinan,  2d  ed.,  1913,  p.  194. — Jaekel, 
Phylogenie  und  System,  1918,  p.  37. 

Calyx  as  in  Carpocrinus,  but  with  iBr  few,  anals  not  in  prominent  row, 
arms  irregular,  3,  4,  or  perhaps  5,  to  the  ray,  uniserial;  brachials  quadrangular. 

Genotype.  Desmidocrinus  pcntadacfylus  Angelin. 

Distribution.  Silurian ; Gotland,  England,  America. 

Desmidocrinus  laurelianus  new  species 
Plate  7,  figs.  24-241? 

This  and  the  succeeding  species  are  referred  to  the  above  Gotlandian  genus 
because  of  the  increase  of  arms  above  10,  and  the  smaller  iBr  areas.  Here  the 
latter  consist  chiefly  of  a single  large  plate.  In  both  the  anal  interradius  is  fully 
developed,  but  not  in  the  form  of  a raised  vertical  row  as  m.Carpocriniis.  In 
this  the  ray  branches  on  the  second  IIBr.  Cup  plates  are  convex  and  smooth. 
Horizon  and  locality.  Laurel  limestone,  Niagaran ; St.  Paul,  Indiana. 

Desmidocrinus  dubius  new  species 
Plate  7,  fig.  25 

Distinguished  from  the  preceding  by  the  mode  of  arm-branching,  which 
here  occurs  first  on  about  the  sixth  IIBr,  and  perhaps  again  on  one  ramus,  thus 
giving  4 or  5 arms  to  the  ray.  The  calyx  is  more  elongate  and  cup  more  tur- 
binate, and  the  reference  to  the  genus  is  made  wflth  some  doubt. 

Horizon  and  locality,  same  as  last. 

Cylicocrinus  canaliculatus  S.  A.  Miller 
Plate  7,  figs.  26-2(4 

Cylicocrinus  canaliculatus  Miller,  i8th  .Vnn.  Rep.  Indiana  Dep.  Geol.,  1894,  p.  285  (adv.  sheets,  1892,  p.  31), 
pi.  5,  figs.  13,  14. — As  Barrandeocriniis,  Wachsmuth  and  Springer,  N.  A.  Crin.  Cam.,  1897,  pp.  484, 
485. — Bather,  Treatise  on  Zool.,  3,  1900,  p.  166. — Zittel-Eastman,  Textb.  Pal.,  2d  ed.,  1913,  p.  195. — • 
Bassler,  Bibliogr.  Inde.x,  1915,  p.  lOi. 

The  mystery  surrounding  the  relations  of  the  genus  founded  upon  this  species  as  type 
has  not  been  solved  by  any  of  the  recently  acquired  material,  by  which  our  information  is 
still  limited  to  the  dorsal  cup  below  the  arm-bases ; it  remains  insufficiently  known  for  a 
generic  definition.  It  has  the  calyx  of  the  Batocrininae,  similar  in  all  visible  respects  to  that 
of  the  Swedish  Barrandeocrinus  with  the  recumbent  arms — a similarity  which  led  Wachsmuth 
and  Springer  to  think  it  might  possibly  belong  to  that  genus.  The  specimens  I have  since 
obtained  show  a thin,  flange-like  projection  at  the  base  which  seem  to  me  inconsistent  with 
the  close  enveloping  of  the  cup  by  the  pendent  arms  such  as  is  indicated  by  the  various  figures 
of  Barrandeocrinus,  for  example  in  my  recent  paper  on  Lhiusual  Forms  of  Fossil  Crinoids, 
Proc.  Lh  S.  Nat.  Mus.,  67,  1926,  pi.  9,  figs.  6-7. 

Horizon  and  locality.  Laurel  limestone.  Niagaran ; St.  Paul,  Indiana. 
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Cylicocrinus  spinosus  iie\y  species 
Plate  7,  figs.  30,  30a 

Founded  upon  an  isolated  hexagonal  base  with  prominent  spinose  projecr 
tions,  differing  thus  from  all  the  other  specimens.  May  be  only  a variant  of 
the  type. 

Horizon  and  locality,  same  as  last. 

Subfamily  PERIECHOCRININAE  Bather 

BB  3.  IBr  hexagonal;  iBr  numerous,  passing  into  iAmb;  tegmen  composed 
of  numerous  small  undifferentiated  plates. 

PERIECHOCRINUS  Austin 
Plate  10 

Periechocrinitcs  Austin-,  Ann.  Mag.  Nat.  Hist.,  lo,  1842,  p.  109. 

Periechocrinus  McCoy,  Syn.  British  Foss.,  1855,  p.  56. — Wachsmuth  and  Springer,  Rev.  Pal.,  2,  p.  127 

(list  of  species)  ; N.  A.  Crin.  Cam.,  1897,  p.  519. — Bather,  Treatise  on  Zool.,  3,  1900,  pp.  166,  168. — 

Zittel-Eastman,  Textb.  Pal.,  2d  ed.,  1913,  p.  194. — Jaekel,  Phylogenie  und  System,  1918,  p.  35. — 

Bassler,  Bibliogr.  Index,  1915,  pp.  953,  954  (references,  synonyms  and  list  of  American  species). 

Calyx  elongate,  slender,  expanding  to  the  arm-bases ; cup-plates  long  and 
thin,  with  prominent  axial  folds  along  radial  series ; rays  bifurcate  two  or  three 
times  within  the  cup,  leading  to  from  20  to  40  free  arms,  biserial,  and  usually 
not  branching  after  becoming-  free. 

Genotype.  Actmocrinites  moniliformis  Phillips. 

Distribution.  Silurian ; Gotland,  England,  America. 

Of  the  large  number  of  Silurian  species  which  have  been  referred  to  this  genus,  at  least 
one  is  from  England,  9 are  from  Gotland,  and  ii  from  North  America.  The  latter  are  dis- 
tributed as  follows  : Rochester  shale,  i ; Laurel  limestone,  2 ; Waldron  shale,  i ; Brownsport,  3 ; 
Racine  dolomite,  4.  Besides  these  are  two  from  the  Lower  Carboniferous,  and  one  in  Europe 
from  the  Devonian  which  may  go  better  under  Saccocrinns. 

The  typical  form,  as  represented  by  the  abundant  and  well  known  English  species, 
P.  moniliforniis,  is  well  marked  and  readily  distinguished  by  the  extremely  elongate,  slender 
cup,  thin  plates,  unusually  high  RR  and  IBr  with  their  conspicuous  axial  folds  running  to  the 
arm-bases.  Several  species  of  that  type  have  also  been  described  from  America,  but  along 
with  them  are  some  others  which  while  having  the  same  general  calyx  arrangement  are  want- 
ing in  the  above  characters,  having  the  cup-plates  lower,  thicker,  more  convex  and  without 
folds.  Taking  as  an  example  of  this  type  such  a form  as  the  Carboniferous  P.  whitei,  pictured 
in  N.  A.  Crin.  Cam.,  pi.  6,  fig.  i.  one  is  impressed  with  the  force  of  the  doubt  with  which  it 
is  listed.  In  the  Zittel-Eastman  Textbook,  edition  of  1913,  I undertook  to  revive  Hall’s  dis- 
carded genus  Saccocrinns  as  a receptacle  for  some  of  these  non-characteristic  species,  and 
am  making  the  distinction  accordingly  here  for  two  species.  An  entirely  new  form  for  the 
Tennessee  Silurian  turned  up  in  the  Beech  River  formation,  clearly  belonging  to  the  English 
and  Swedish  type,  but  unfortunately  too  much  injured  for  a specific  definition. 
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Periechocrinus  tennesseensis  (Hall) 

Plate  10,  figs.  1-4 

Saccocrinus  tennesseensis  Hall,  Geol.  Surv.  Ohio,  Pal.,  2,  1875,  p.  125,  pi.  6,  fig.  10. — Periechocrinus  tennes 
seensis,  Wachsmuth  and  Springer,  N.  A.  Crin.  Cam.,  1897,  p.  528,  pi.  50,  fig.  4 (figured  as  Roemer’s 
type  of  Saccocrinus  speciosus). — -Wood,  Bull.  64,  U.  S.  Nat.  Mus.,  1909,  pp.  76,  78,  pi.  6,  fig.  10. — 
Saccocrinus  speciosus  Roemer  (not  Hall),  Sil.  Fauna  Westl.  Tennessee,  i860,  p.  42,  pi.  3,  figs.  3a-c. — 
Bassler,  Bibliogr.  Index,  1915,  p.  956. 

The  species  is  well  known  to  collectors  in  the  Tennessee  area  from  the 
earliest  times.  Both  Troost  and  Roemer  recognized  it,  and  in  the  modern  col- 
lections it  is  not  uncommon.  It  is  rather  on  the  border  line  between  the  two 
allied  genera  as  they  are  here  defined.  I am  figuring  four  specimens  in  order 
to  show  some  of  the  minor  variations  which  must  be  considered  in  any  critical 
comparison  of  the  described  species.  Some  show  the  axial  folds  by  obscure 
traces,  and  some  scarcely  at  all ; but  all  have  the  slender  calyx  and  narrow  tur- 
binate base  usually  seen  in  the  genus.  The  arms  vary  in  different  individuals 
not  otherwise  distinguishable,  from  4 to  5 to  the  ray.  The  species  has  been 
found  at  the  principal  localities  of  the  Brownsport  group. 

Horizon  and  locality.  Beech  River  and  perhaps  other  formations  of  the  Brownsport, 
Niagaran ; Decatur,  Perry  and  Wayne  counties,  Tennessee. 

Periechocrinus  sp. 

Plate  10,  figs.  5,  ga 

The  crushed  and  damaged  specimen  here  figured  is  of  a distinctly  different 
type  from  the  preceding,  and  has  much  the  character  of  the  typical  English 
form;  it  is  the  only  one  thus  far  found  that  seems  to  approach  the  European 
type  so  closely;  if  in  better  condition  for  observation  it  would  doubtless  bear 
close  comparison  with  some  of  those  species.  The  calyx  walls  are  very  thin,  and 
the  axial  folds  leading  to  the  arms  sharp  and  prominent.  In  the  number  of  the 
branching,  biserial  arms,  which  seem  to  run  to  7 or  8 to  the  ray,  the  specimen 
shows  a significant  resemblance  to  Angelin’s  figures  of  P.  moniliformis,  Icon. 
Crin.,  pi.  19,  figs.  14,  14b. 

Horizon  and  locality.  Beech  River  formation,  Niagaran ; Decatur  County,  Tennessee. 

SACCOCRINUS  Hall 
Plate  10 

Saccocrinus  Hall,  Pal.  New  York,  2,  1852,  p.  205;  28th  Rep.  New  York  St.  Mi:s.,  1879,  p.  127.— Roemer, 
Sil.  Fauna  Westl.  Tennessee,  i860,  p.  44. — Meek  and  Worthen,  Geol.  Surv.  Illinois,  3,  1868,  p.  347; 
ibid.,  5,  1873,  p.  394.— Zittel-Eastman,  Textb.  Pal.,  2d  ed.,  1913,  p.  194.— Bassler,  Bibliogr.  Index, 
1915,  P.  954- 

Calyx  arranged  like  Periechocrinus,  but  the  arms  from  about  20  (excep- 
tionally 10)  openings  branch  after  becoming  free,  and  are  biserial  both  below 
and  above  the  bifurcations.  Plates  usually  thicker  and  more  convex,  and  with- 
out axial  folds. 
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Genotype.  Saccocrinus  speciosns  Hall. 

Distribution.  Silurian.  Devonian  and  Lower  Carboniferous.  America,  Europe. 

One  of  the  Gotlandian  species,  P.  lacvis  ( Ang.  not  Portlock)  —P.  minor  Wachsmuth  and 
Springer,  Icon.  Crin.,  pi.  i8,  fig.  ii,  dififers  from  the  dominant  type  in  a way  that  would  lead 
toward  this  genus.  The  Carboniferous  species  before  alluded  to  would  be  much  more  at  home 
in  this  restricted  company,  and  the  larger  genus  will  be  better  balanced  and  more  consistent 
in  its  characters  with  such  forms  as  the  first  one  here  recorded  eliminated. 

Saccocrinus  benedicti  S.  A.  Miller 
Plate  10,  figs.  6-i  i 

Saccocrinus  benedicti,  IMiller,  17th  Ann.  Rep.  Indiana  Dep.  Geol.,  1892,  p.  283  (aclv.  sheets,  p.  29),  pi.  5, 

fig.  i.—Periechocrinus  ornatus,  Wachsmuth  and  Springer,  N.  A.  Crin.  Cam.,  1897,  pi.  51,  fig.  7 (not 

pi.  50,  figs.  za,h). 

A strongly  marked  species,  abundant  at  St.  Paul  and  obtained  in  excellent 
preservation  minus  the  arms.  The  contrast  between  it  and  P.  tennesseensis 
figured  on  the  same  plate  is  most  striking.  There  is  a stout,  ovoid  calyx,  with 
rather  broad  base,  thick  plates  of  which  the  surface  varies  from  simple  convex 
to  rugose,  nodose,  and  even  perhaps  stellate  ornament.  The  arm-openings  stand 
out  boldly  from  the  calyx  at  about  the  third  TTBr,  thus  limiting  the  free  arms 
to  two  to  the  ray;  how  they  branch,  if  they  do,  beyond  that  is  unknown.  In  this 
small  number  of  arms  the  species  differs  widely  from  all  others  of  the  genus 
thus  far  known.  The  one  specimen  with  stellate  ornamentation,  fig.  14,  is  prob- 
ably of  a different  species,  but  lacks  too  much  in  the  arm  region  for  definition. 

Horizon  and  locality.  Laurel  limestone,  Niagaran ; St.  Paul,  Indiana. 

Saccocrinus  cuspidatus  new  species 
Plate  10,  fig.  ij 

A form  partaking  more  of  the  general  shape  of  Perieehocriiius  than  the 
preceding,  but  with  a less  slender,  far  larger  and  more  robust  calyx;  while  the 
shorter  cup-plates  with  their  sharp  cusps  instead  of  folds  differentiate  it  com- 
pletely, and  the  latter  character  from  all  other  species  otherwise  associated.  The 
arms  apparently  become  free  with  the  IIIBr,  which  would  give  an  average  of 
four  to  the  ray,  probably  subject  to  variation.  The  specimen  is  from  a higher 
formation  than  the  others  mentioned. 

Horizon  and  locality.  Louisville  limestone,  Niagaran;  Jefferson  County,  Kentucky. 

In  the  Laurel  limestone  at  St.  Paul,  there  is  another  large  species,  ill  defined,  described 
by  IMiller  and  Gurley  as  Saccocrinus  umbrosus,  Bull.  6,  Illinois  St.  Mus.,  1895,  p.  24,  pi.  2, 
figs.  13,  14. 

Subfamily  BATOCRININAE 

Tegmen  broad,  well  dift'erentiated,  plates  large  and  heavy,  forming  a rigid 
roof;  arms  not  branching  beyond  tbe  cup;  biserial ; first  IBr  usually  quadrangu- 
lar. Silurian  to  Tower  Carboniferous. 
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This  extensive  subfamily,  typically  Carboniferous,  and  hitherto  considered  as  having 
originated  in  the  Devonian,  must  now  be  moved  a step  farther  back  in  the  geological  scale 
and  credited  to  the  terminal  Silurian,  as  is  proved  by  the  occurrence  of  a well  defined  species 
in  the  Tennessee  area. 


Aorocrinus  nodosus  new  species 
Plate  10,  figs.  i6-i6b 

Calyx  rotund,  with  slightly  ]n-otnberant  base ; plates  elevated  into  sharp 
nodes;  iBr  few,  not  connecting  with  tegmen  except  at  the  anal  side.  Anus  sub- 
central without  a tube.  Tegmen  plates  smooth,  and  none  of  them  spiniferous. 

The  single  specimen  upon  which  this  species  is  based  was  found  in  the  uppermost  forma- 
tion of  the  Tennessee  Niagaran,  the  Decatur  limestone,  in  a bed  which  is  closely  associated 
with  the  overlying  Linden  with  its  characteristic  Helderbergian  species  of  the  Devonian 
Scyphocrinus.  Nevertheless  the  presence  in  the  same  layer  of  such  an  unquestionable  Nia- 
garan form  as  Caryocrinus  ornatiis  leaves  no  room  for  doul)ting  the  stratigraphic  position 
of  our  species,  which  is  thus  in  accord  with  the  great  difference  in  its  facies  from  that  of  the 
hitherto  known  Devonian  forms.  The  extremely  rotund  and  robust  calyx  and  sharply  nodose 
cup-plates  produce  a distinctly  new  type,  for  which,  however,  we  may  have  a connecting  link 
in  a species  from  the  Hamilton  recently  acquired,  and  herewith  figured. 

It  has  been  contended  that  the  genus  Aorocrinus  as  founded  by  Wachsmuth  and  Springer, 
N.  A.  Crin.  Cam.,  1897,  p.  470,  should  give  way  to  Coclocrinus  of  IMeek  and  Worthen.  While 
this  may  be  true  for  some  Lower  Carboniferous  species,  that  genus  was  founded  upon  a type 
with  very  broad,  concave  base,  from  which  most  of  the  forms  referred  to  Aorocrinus  are 
sufficiently  differentiated,  but  which  may  also  have  a forerunner  in  the  new  Devonian  species 
here  figured. 

Horizon  and  locality.  Decatur  limestone,  Niagaran;  below  Grandview,  10  miles  above 
Clifton  on  the  Tennessee  River,  Perry  County,  Tennessee.  Associated  with  Mariacrinus 
rotundas. 


Aorocrinus  clarkensis  new  species 
Plate  10,  figs,  i/,  i/a 

This  isolated  specimen  from  the  Devonian  is  figured  for  comparison  with 
the  preceding  species.  Whether  it  belongs  to  this  genus  is  not  clear,  in  the  ab- 
sence of  the  parts  in  the  arm-zone.  It  is  derived  from  the  Hamilton  beds  of 
Clark  County,  Indiana. 
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Family  PLATYCRINIDAE  Roemer 
Monocyclic,  RR  in  contact  all  around.  No  anal.  BB  3,  unecjual,  forming  a 
pentagon. 

This  monocyclic  family  is  intermediate  between  the  typical  Camerata  and  the  Inadunata. 
As  in  the  latter,  the  dorsal  cup  consists  chiefly  of  basal  and  radial  structures,  those  of  inter- 
radial  origin  being  in  the  later  stages  largely  confined  to  the  tegmen.  It  had  a long  geological 
range,  from  Silurian  to  Lower  Carboniferous,  and  in  the  latter  its  typical  forms  were  fully 
developed,  in  which  the  plates  above  the  radials  enter  but  slightly  into  the  cup,  and  the  stem 
becomes  remarkably  specialized  with  an  elliptical  section  and  transverse  ridge.  It  culminated 
with  a great  number  of  characteristic  species,  in  '.vhich  the  dominant  characters  may  be  seen 
and  studied  to  best  advantage. 

The  Silurian  and  Devonian  stage  exhibits  some  marked  variations,  but  in  the  main 
embi'aces  forms  of  the  simpler  and  more  primitive  types,  showing  the  least  departure  from 
the  Camerate  plan.  While  they  are  for  the  most  part  rare,  the  present  collections  have  yielded 
abundant  representatives  of  two  of  the  subdivisions.  In  each  the  material  is  of  exceptional 
importance,  because  the  specimens  belonging  to  some  forms  occur  in  such  numbers  and 
preservation  as  to  afford  the  means  of  comparative  studies  not  hitherto  possessed  on  either 
continent,  requiring  in  one  case  the  recognition  of  a new  genus. 

Section  i.  Subfamily  COCCOCRININAE  Bather 
Rays  with  two  or  more  primibrachs. 

The  division  here  first  discussed,  embracing  forms  with  2 or  more  IBr,  represents  the 
simplest  form  of  the  Camerata,  the  calyx  consisting  only  of  3 BB  forming  a pentagon,  5 RR, 
2x5  IBr,  5 iBr  and  5 orals.  The  tegmen  is  almost  completely  occupied  by  5 large  triangular 
orals  forming  a closed  pyramid  analogous  to  the  larval  stage  of  the  crinoids.  Anal  opening 
is  lateral,  in  the  interradio-oral  suture,  and  the  arms  usually  two  to  the  ray.  Column  round, 
no  sign  of  the  elliptic  columnals  having  yet  appeared. 

LYONICRINUS  new  genus 
Plate  II 

Pro  Coccocrinus  bacca  Roemer,  Sil.  Fauna  Westl.  Tennessee,  i860,  p.  51. — Cf.  Coccocrinus  loh.  Mtiller, 
in  Wirtgen  und  Zeiler,  Verb.  Naturh.  Verein  Rbeinl.,  12,  1855,  p.  20. — Zittel,  Handb.  Pal.,  i, 
1879,  P-  347- — Wacbsmutb  and  Springer,  Rev.  Pal.,  pt.  2,  1881,  p.  58;  pt.  3,  1885,  p.  114;  N.  A.  Crin. 
Cam.,  1897,  p.  738. — Batber,  Treatise  on  Zool,  pt.  3,  1900,  p.  156. — ^Jaekel,  Krinoid.  Deutscbl.,  1895, 
p.  95 ; Pbylogenie  und  System,  1918,  p.  91. — Zittel-Eastman  Textb.  Pal.,  1913,  p.  199. — Bassler, 
Bibliogr.  Index,  1915,  p.  248. 

Dorsal  cup  as  in  the  Platycrinidae.  Small  basal  in  left  posterior  position. 
IBr  2.  IIBr  more  than  2.  Tegmen  composed  of  4 large,  triangular  interambu- 
lacral  plates  ( ? orals)  surrounding  a central  space,  perhaps  for  posterior  oral, 
with  open  clefts  between  them  for  ambulacra ; plus  one  large  posterior  plate 
flanked  by  2 smaller  ones  supporting  a protuberant  anal  opening.  Arms  ten, 
unbranched,  uniserial,  with  quadrangular  brachials. 

Genotype.  Coccocrinus  bacca  Roemer. 

Distribution.  Silurian ; America. 

This  genus  is  founded  upon  the  species  Coccocrinus  bacca  Roemer,  of  the  Tennessee 
Silurian.  Much  has  been  written  about  the  genus  Coccocrinus,  and  it  still  remains  illy  under- 
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stood,  partly  owing  to  scarcity  of  material,  and  partly  to  the  inherent  obscurity  of  all  the 
early  Platycrinidae  because  the  dorsal  cup  is  so  simple  and  alike  in  so  many  genera.  It  has 
been  shifted  about  in  classification ; but  most  of  the  later  authorities  agree  in  placing  it  among 
the  Platycrinidae  along  with  Culicocrinus.  From  this  Jaekel  in  his  work  on  Phylogenie  und 
System,  1918,  dissents,  and  while  placing  Culicocrinus  among  the  Platycrinidae  greatly  re- 
stricted, transfers  Coccocrinus  to  an  entirely  different  order,  and  ranks  it  in  a suborder 
Hyocrinites  along  with  Mesozoic  and  Recent  forms  such  as  Eudcsicrinus,  Hyocrinus,  Ptilo- 
crinus,  etc. 

The  typical  species,  C.  rosaceus,  described  by  Roemer  in  1844  as  Platycrinus,  was  made 
by  Johannes  Muller  the  type  of  Coccocrinus  in  1855.  It  has  a tegmen  constructed  mainly  of 
five  large  triangular  plates,  interlocking  and  forming  a pyramid  somewhat  resembling  that 
of  Haplocrinus,  having  grooA'^es  along  their  edges ; but  with  this  difference,  that  whereas  in 
Haplocrinus  the  ventral  pyramid  rests  directly  iipon  the  shoulders  of  the  radials,  in  Coccocrinus 
there  is  a set  of  plates  interposed  called  “ suborals,”  interbrachial  in  position,  on  which  the 
triangular  plates  rest  in  direct  succession.  The  anus  is  at  the  line  of  junction  between  the 
posterior  interbrachial  and  the  triangular  plate,  each  being  notched  for  the  opening.  The 
structure  is  well  shown  by  figures  i and  2 on  plate  ii,  the  first  being  from  what  is  probably 
the  original  of  Schultze’s  figure  in  his  monograph  of  the  Eifel  Echinoderms,  and  the  last 
from  the  specimen  figured  by  Wachsmuth  and  Springer  in  the  Camerata  monograph,  pi.  3. 
fig.  14,  obtained  by  me  at  Gerolstein  in  1887.  There  is  a slight  difference  in  the  contour  of 
the  tegmen  of  the  two  specimens,  and  in  the  appearance  of  the  grooves,  partly  due  to  differ- 
ence in  preservation — the  last  being  somewhat  crushed — but  the  essentials  are  the  same.  It 
is  a Middle  Devonian  species. 

The  nearest  allied  form  to  Coccocrinus  is  Culicocrinus,  described  by  Johannes  Muller 
from  the  Lower  Devonian,  which  has  likewise  a tegmen  composed  of  5 large  orals,. but  they 
are  closely  united  by  suture,  without  any  groove  along  their  edges ; they  are  also  preceded  by 
plates  interbrachial  in  position  (pi.  ii,  figs.  3,  3a,  4,  4a,  h,  c).  The  chief  difference  between 
the  tw’o  genera,  so  far  as  can  be  ascertained  from  the  material  available,  is  said  to  be  that 
Culicocrinus  has  heavy,  biserial  arms,  while  in  Coccocrinus,  the  arms  are  supposed  to  be  uni- 
serial and  rather  delicate,  and  that  the  former  has  the  lower  brachials  more  deeply  incor- 
porated in  the  cup  than  the  latter. 

The  tegmen  of  Culicocrinus  is  paralleled  by  that  of  Myrtillocrinus  Hall,  from  the  Onon- 
daga of  New  York,  in  being  composed  of  closely  interlocking  oral  plates,  but  without  any 
underlying  interbrachial  structures  (pi.  ii,  figs.  5,  5a). 

In  i860  E.  Roemer  described  the  species  Coccocrinus  hacca,  from  the  Silurian  of  Ten- 
nessee. It  was  a rare  form,  and  he  had  but  few  specimens,  which  disclosed  nothing  of  the 
tegmen ; but  he  saw  the  beginning  of  the  interambulacral  plates,  which  he  and  subsequent 
authors  took  to  be  the  “ suborals  ” as  in  C.  rosaceus.  Little  addition  to  his  knowledge  was 
obtained  by  later  collectors,  Wachsmuth  in  his  Tennessee  excursions  finding  but  four  speci- 
mens, one  of  which  preserved  some  of  those  plates,  but  not  intact.  This  was  figured  in  the 
Camerata  monograph,  pi.  75,  figs.  1 5a-c.  It  has  been  assumed  that  the  interbrachially  situated 
plates  here,  as  in  Coccocrinus,  Avere  followed  by  a pyramid  of  triangular  plates  substantially 
covering  the  ventral  side.  Much  of  the  discussions  of  the  generic  position  of  Coccocrinus 
hitherto  has  been  based  on  this  species,  now  here  separated. 

Among  the  collections  made  for  me  in  Tennessee  in  1906-7  is  an  extraordinary  lot  of 
material  of  this  species  from  which  considerable  new  information  has  been  derived.  There 
are  in  all  about  1,000  specimens,  from  two  colonies  not  far  apart.  They  occurred  mostly  in 
a shaly  and  limestone  deposit  disintegrating  into  clay,  forming  part  of  the  lower  member  of 
the  Beech  River  formation  designated  by  Pate  and  Bassler  as  the  Coccocrinus  zone.  The 
specimens  chiefly  consisted  of  the  calyx  only,  but  a few  were  found  with  more  or  less  of  the 
arms  attached,  uniserial,  and  ten  in  number.  Many  of  the  specimens  have  the  interambulacral 
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legmen  plates  in  good  condition,  together  with  some  additional  structures  connected  with  the 
anus,  and  traces  of  ambulacra. 

In  numerous  examples  the  base  is  well  exposed,  so  that  the  position  of  the  small  basal 
can  be  observed.  Jaekel  and  Bather  have  stated  that  this  is  not  a reliable  character  for  the 
genus,  and  Jaekel  declares  it  is  not  constant  in  C.  bacca.  These  specimens  show  that  it  is 
thoroughly  constant  for  the  species,  but  that  its  position  is  not  in  accordance  with  the  general 
rule  in  crinoids  with  an  unecjually  tripartite,  monocyclic  base,  namely,  left  anterior  (or 
7 o’clock).  On  the  contrary  it  is  here  uniformly  at  the  left  posterior  (lo  o’clock,  pi.  ii,  figs.  8, 
21,  22),  whereas  in  C.  rosaceus,  as  shown  by  my  specimens,  it  is  normal.  The  former  appears 
to  be  the  case  in  the  specimen  figured  in  the  Camerata  monograph,  pi.  75,  figs.  I5a-c;  but 
through  misunderstanding  a note  was  inserted  in  the  explanation  of  fig.  15a  stating  that  it  is 
drawn  with  the  anal  side  at  the  left  lower  corner  (which  would  make  it  according  to  rule), 
whereas  it  is  actually  at  the  right  lower  corner.  Fig.  c,  the  posterior  view,  shows  this  by  the 
position  of  the  interhasal  suture,  which  would  be  to  the  right  of  the  interradial  suture  if  the 
explanation  was  correct. 

Now  the  tegmen  of  C.  hacca  appears  to  he  considerably  dififerent  from  that  of  the  typical 
C.  rosaceus.  Instead  of  being  suboral  plates  succeeded  by  the  large  triangular  plates,  as  in  that 
species,  and  as  heretofore  supposed  in  this,  the  interambulacrals  are  themselves  almost  tri- 
angular, the  lower  face  obtusely  angular  to  fit  directly  into  the  notch  formed  by  the  sloping 
shoulders  of  the  radials,  while  above  they  are  extended  to  an  acute  angle,  so  that  when  in 
normal  position  they  would  form  a low  pyramid.  But  instead  of  interlocking  at  the  apex  they 
leave  a considerable  open  space  in  the  middle,  and  are  also  not  in  contact  laterally,  but  are 
parted  by  open  clefts  running  between  tbeir  edges  to  the  arm  bases,  along  which  traces  of  side 
pieces  of  ambulacra  can  occasionally  be  seen  (pi.  ir.  figs.  6 to  18). 

The  large  tegmen  plates  are  analogous  in  position  to  orals,  and  that  is  probably  the 
proper  term  for  them.  Four  of  them  are  of  like  shape  and  size,  but  the  fifth  remains  to  be 
accounted  for.  The  central  vacant  space  seen  in  all  the  specimens  is  of  the  proper  size  and 
position  to  lodge  the  posterior  oral,  pushed  in  between  the  other  four  by  the  anal  structures, 
as  in  the  tegmen  of  many  Camerata  illustrated  by  Wachsmuth  and  Springer  on  plate  3 of  their 
monograph,  and  precisely  as  seen  in  that  of  Culicocrinus  figured  herein  on  plate  ii,  figure  4c. 
It  is  evident  that  this  tegmen  was  of  rather  fragile  construction,  as  the  central  plate  is  in- 
variably wanting,  and  the  ambulacra  only  represented  by  traces.  Thus  the  tegminal  structure 
differs  also  from  that  of  Haplocrinus  and  Culicocrinus,  in  the  fact  that  the  plates  of  the  ven- 
tral pyramid  in  those  genera  are  closely  joined,  those  of  Culicocrinus  without  any  grooves, 
and  those  of  Haplocrinus  with  superficial  grooves  at  their  edges,  not  for  ambulacra,  but  as 
mere  receptacles  for  the  arms,  as  herein  now  showm  for  the  first  time  in  H.  mespiliformis 
(pi.  25,  figs.  28,  29,  290.  See  also  Devonian  Crinoids  of  New  York.  pi.  40,  figs.  10-14). 

There  is  also  a very  material  difference  in  the  anal  structure  of  the  two  forms.  In 
Coccocrinus  there  is  a simple  opening  at  the  base  of  the  posterior  oral.  In  C.  bacca  the  anus 
is  at  the  end  of  a short  protuberance,  of  which  we  often  find  one  plate,  and  sometimes  one  or 
two  more  succeeding  it,  in  place  above  a large  posterior  plate  flanked  by  a smaller  plate  at 
either  side.  In  one  specimen  four  plates  in  this  .series  are  visible,  leading  to  the  opening. 
The  two  flanking  plates  served  as  a strong  support,  for  we  frequently  see  them,  and  the  inter- 
vening posterior  plate  standing  firmly  upright,  while  all  other  plates  of  the  tegminal  arch 
have  fallen  down  (pi.  ii,  figs.  10-20). 

The  evidence  is  complete  to  prove  that  the  structure  of  C.  bacca  is  different  from  that 
of  C.  ro.<;accus  in  three  major  characters,  viz. : the  composition  of  the  tegmen,  the  anal  struc- 
ture, and  the  position  of  the  small  basal.  From  this  it  follows  that  they  cannot  be  retained 
in  the  same  genus.  Accordingly  I am  proposing  for  the  Tennessee  species  the  new  genus 
Lyonicrinus,  in  memory  of  Col.  Sidney  S.  Lyon,  who  was  an  ardent  student  of  the  crinoids, 
and  author  of  many  notable  genera  and  species  from  the  Kentucky-Indiana  area. 
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Lyonicrinus  bacca  (Roemer) 

Plate  II,  figs.  6-2 g 

Coccocrinus  bacca  F.  Roemer,  Sil.  Fauna  Westl.  Tennessee,  i860,  p.  51.  pl-  4.  figs.  sa-c. — Wachsmuth 
and  Springer,  N.  A.  Crin.  Cam.,  1897,  P-  739.  pl-  75.  fig-  iS- — Wood,  Bull.  64,  U.  S.  Nat.  Mus.,  1909, 
p.  29,  pi.  4,  figs.  9. — Bassler,  Bibliogr.  Index,  1915,  p.  248. 

The  species  is  sufficient!}'  discussed  in  the  remarks  upon  the  genus. 

HorPon  and  locality.  Coccocrinus  zone  of  Beech  River  formation,  Brownsport  group, 
Xiagaran ; Decatur  and  Perry  counties,  Tennessee. 

Coccocrinus  rosaceus  ( F.  Roemer  ) 

Plate  II,  figs,  i,  la,  h;  2 

Platycrinus  rosaceus  Roemer,  Rhein.  Ueberg,  1844,  p.  63,  pi.  3,  fig.  3. — Coccocrinus  rosaceus  Job.  Miiller, 
Verb.  Naturb.  Verein  Rheinl.  12,  1855,  p.  21,  pi.  7,  figs.  5a-c. — Schultze,  Ecbin.  Eifl.  Kalk.,  1867, 
p.  89,  pi.  12,  fig.  13.— Wachsmuth  and  Springer,  N.  A.  Crin.  Cam.,  1897,  pi.  3,  fig.  14. 

For  comparison  with  Lyonicrinus  bacca.  Middle  Devonian  ; Eifel,  Germany. 

Culicocrinus  nodosus  ( Wirtgen  and  Zeiler) 

Plate  II,  figs,  g,  3 a 

Platycrinus  nodosus  Wirtgen  and  Zeiler,  Verb.  Naturb.  Verein  Rheinl.  12,  1855,  p.  15,  pi.  6,  figs.  23. — 
Culicocrinus  nodosus  Job.  Miiller,  ibid.,  p.  24,  pi.  8,  figs.  1-4. 

See  discussion  under  Lyonicrinus. 

Lower  Devonian  ; Coblentz,  Germany. 

(?)  Culicocrinus  spinosus  new  species 
Plate  II,  figs.  4,  4a-c 

This  name  is  given  to  a solitary  specimen  from  Tennessee,  with  much 
doubt  as  to  its  generic  affinities,  but  chiefly  on  account  of  the  five  large  spinifer- 
ous  interlocking  orals,  which  differ  from  those  of  the  typical  species  in  having 
the  posterior  plate  flanked  on  the  outer  side  by  anal  structures  and  smaller 
lateral  plates,  but  nevertheless  present  considerable  similarity  in  proportion 
and  general  arrangement.  The  primibrachs  are  also  less  deeply  incorporated 
in  the  cup. 

Beech  River  formation,  Brownsport  group,  Xiiagaran ; Decatur  County,  Tennessee. 

Platycrinidae  indet..  No.  i 

Plate  II,  figs.  24,  24a,  b 

A dorsal  cup  with  massive  plates,  and  large  BB.  Beech  River  formation  ; Decatur  County, 
Tennessee. 


Platycrinidae  indet.,  No.  2 
. Plate  II,  fig.  25 

Calyx  with  large  interambulacral  plates  in  position.  Laurel  limestone ; St.  Paul,  Indiana. 
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Platycrinidae  iiidet.,  No.  3 
Plate  II,  figs.  26,  2j,  28,  2g 

A small  species  rather  common  in  the  Laurel  limestone  at  St.  Paul,  Indiana. 

The  three  foregoing  species  are  figured  in  order  to  preserve  a record  of  their  occurrence, 
hoping  that  future  discoveries  may  throw  more  light  upon  them. 

Hapalocrinus  Jaekel  emend.  Bather 
Plates  II,  12 

Hapalocrimis  Jaekel,  Krin.  Deutschl,  1895,  p.  37. — Bather,  Geol.  Mag.,  4,  1897,  p.  342;  Treatise  on  Zook, 

3,  1900,  p.  156. 

Platycrinidae  with  2 or  more  IBr;  orals  small;  arms  uniserial  with  cmieate 
brachials  tending  to  biserial,  branching  once  or  twice;  column  large,  bearing 
strong  cirri. 

Genotype.  Hapalocrimis  elegans  Jaekel. 

Distribution.  Silurian  to  Lower  Devonian ; England,  Gotland,  Germany,  America. 

The  specimens  which  I have  referred  to  this  genus  are  notable  for  their  profuse  develop- 
ment of  arms  and  pinnules,  and  of  strong  cirri  occurring  in  definite  whorls,  at  intervals  ex- 
tending apparently  the  full  length  of  the  column.  The  generic  characters  of  these  forms  are 
not  very  certain.  Some  of  them  might  perhaps  better  be  placed  under  Cordylocrinus  of 
Angelin,  but  the  distinctions  are  hard  to  point  out  with  confidence,  and  I have  chosen  the 
easier  course  by  throwing  them  all  under  the  one  form,  which  is  strongly  typified  by  the 
“ Platycriniis  ” retiarius  Phillips  of  the  English  Silurian.  This  arrangement  would  seem  to 
include  both  uniserial  and  biserial  arms — a variation  that  may  occur  among  the  later  Platy- 
crinidae within  the  same  species,  or  even  the  same  individual,  incident  to  growth,  as  seen  for 
example  in  P.  liuntsvillae.  A very  strongly  marked  species  from  the  Lower  Devonian  is 
figured  for  comparison. 


Hapalocrinus  gracilis  new  species 
Plate  II,  figs,  go,  gi,  g2 

With  heavy  cuneate  arms  and  strong  pinnules,  and  rather  high  tegnien 
plates, 

Hapalocrinus  cirrifer  new  species 
Plate  12,  figs,  i,  2,  g,  4 

Remarkable  for  the  long,  slender  arms,  in  some  specimens  almost  thread- 
like; the  calyx  is  large,  but  details  of  its  structure  are  obscure. 

Hapalocrinus  pinnulatus  new  species 
Plate  12,  fig.  5 

Calyx  narrow  and  relatively  smaller,  but  bearing  much  stronger  arms  and 
pinnules. 
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Hapalocrinus  tuberculatus  new  species 
Plate  12,  fig.  6 

Arms  and  pinnules  similar  to  the  preceding,  but  calyx  rotund,  and  with 
tubercular  surface. 


Hapalocrinus  tennesseensis  new  species 
Plate  12,  fig.  j 

Crown  much  displaced,  ^Yith  sharply  uniserial  arms  and  quadrangular 
brachials. 

All  the  foregoing  five  species  from  the  Beech  River  formation,  Brownsport  group,  Nia- 
garan;  Decatur  County,  Tennessee. 

Hapalocrinus  devonicus  new  species 
Plate  12,  fig.  8 

Unusually  strong  stem  and  cirri,  large  calyx,  and  tubercular  surface. 

Keyser  formation,  Helderbergian,  Lower  Devonian ; Keyser,  West  \hrginia. 

Brahmacrinus  elongatus  new  species 
Plate  12,  figs,  g-ig 

The  genus  to  which  this  species  is  referred  was  proposed  by  Sollas,^  to 
receive  a Platycrinid  form  from  the  British  Lower  Carboniferous  of  true 
Camerate  type,  having  the  lower  brachials  completely  incorporated  in  the  cup 
by  means  of  solid  interbrachials.  Some  of  the  earlier  American  species  of  simi- 
lar type,  such  as  P.  eriensis,^  might  well  be  placed  under  it,  and  it  affords  a prac-> 
ticable  resting  place  for  the  present  singularly  distinct  form. 

It  may  be  defined  as  a Platycrinid  with  large  IBr  and  IIBr  incorporated 
in  the  cup  by  iBr  in  two  ranges,  huge  BB,  and  relatively  smaller  RR  than  in 
Platycrinus.  Along  with  this  it  is  remarkable  for  having  the  base  divided  into 
3 subequal  plates,  which  are  sharply  excavate  into  a saucer-shaped  depression 
surrounding  a rather  small  stem.  This  has  a minute  axial  opening,  which  is  a 
Platycrinid  characteristic,  but  there  is  no  sign  of  elliptic  columnals.  The  pecu- 
liar excavate  base  is  seen  in  several  species  of  Platycrinus — such  as  P.  liunts- 
villae  and  others  shown  in  N.  A.  Crin.  Cam.,  pi.  70,  fig.  12;  pi.  73,  figs,  ii,  12. 

In  the  present  species  the  elongate,  rather  cylindrical,  form  of  the  calyx  is  dififerent  from 
that  of  the  Platycrinidae  generally,  as  is  also  the  great  size  of  the  basals.  Apparently  there 
are  two  arms  to  the  ray,  which  probably  branch  again.  There  are  two  good  specimens  of  the 
calyx,  and  several  bases. 

Horizon  and  locality.  Laurel  limestone,  Niagaran ; St.  Paul,  Indiana. 


1 Quart.  Jour.  Geol.  Soc.  London,  56,  1900,  p.  264,  pi.  16,  figs,  i,  2. 

2 N.  A.  Crin.  Cam.,  1897,  p.  676.  See  also  as  to  the  British  form,  p.  644. 
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Nyctocrinus  magnitubus  new  genus  and  species 
Plate  12,  figs.  16-21 

Among-  the  Tennessee  collections  there  is  a form  abundantly  represented 
by  well  preserved  specimens,  of  which  after  frequent  reviews  I have  been 
unable  to  fix  the  systematic  position.  It  is  a dicyclic  crinoid  of  Camerate  aspect, 
with  5 IBB,  suggesting  the  Dimerocrinidae ; but  it  has  the  RR  in  contact  all 
around,  with  no  anal  in  the  cup,  which  excludes  that  family  as  well  as  the 
Rhodocrinidae.  The  dicyclic  base  excludes  the  Melocrinidae,  and  other  Cam- 
erate families  that  might  be  suggested.  Except  for  this,  there  would  be  a some- 
what near  approach  to  the  Platycrinidae.  There  are  large  RR,  with  one  or  two 
IBr,  filling  only  part  of  the  distal  face,  leaving  well  defined  shoulders  support- 
ing large  iBr  chiefly  above  the  line  of  RR  (perhaps  more  properly  tegminal 
iAmb.),  of  which  the  posterior  one  seems  to  be  rather  the  largest.  Basals  are 
large,  curving  into  a shallow  concavity,  in  which  the  5 IBB  form  a broad, 
inverted  cone.  Arms  are  stout,  biserial,  2 or  4 to  the  ray  with  occasionally 
another  bifurcation.  The  most  remarkable  character  is  a long,  spinose  anal 
tube,  which  projects  beyond  the  limits  of  the  arms. 

Except  for  the  well  defined  interbrachial  plates  resting  on  the  radials,  this  form  might 
fall  under  some  of  the  dicyclic  Inadunata ; but  with  our  present  knowledge  it  may  as  well  be 
left  in  an  intermediate  position.  In  addition  to  the  five  specimens  figured  in  which  more  or 
less  of  the  arms  and  anal  tube  are  shown,  and  the  two  giving  perfect  internal  and  external 
views  of  the  base,  there  are  half  a dozen  calices  in  which  the  same  type  of  dicyclic  base 
clearly  appears — so  that  the  definition  of  characters  here  given  may  be  regarded  as  beyond 
question.  It  is  a singular  fact  that  all  the  speciinens  in  which  the  tube  is  shown  differ  from  all 
others  of  the  formation,  even  those  in  the  same  matrix,  in  being  very  dark  in  color — which 
suggests  the  generic  name. 

Beech  River  formation,  Brownsport  group,  Niagaran ; Decatur  County,  Tennessee. 
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Section  2.  Subfamily  MARSIPOCRININAE  Bather 
Rays  with  only  one  primibrach. 

The  next  subdivision,  with  rays  limited  to  a single  primibrach,  is  abun- 
dantly represented  by  its  earliest  genus,  remarkable  for  the  manner  in  which 
its  brachials  to  the  axillary  secundibrach  are  buried  in  the  cup,  so  as  to  produce 
a thoroughly  Camerate  structure,  and  for  the  constancy  with  which  its  charac- 
ters are  maintained  throughout  numerous  species,  now  to  be  described. 

MARSIPOCRINUS  Bather 

Plates  13-ip 

Marsupiocrinites  Phillips  (not  de  Blainville,  1830),  in  Murchison’s  Sil.  Syst.,  1839,  p.  672. — Austin,  Ann. 
Mag.  Nat.  Hist.,  10,  1842,  p.  109. 

Marsupiocnntis  McCoy,  British  Pal.  Rocks  and  Foss,  1854,  p.  54. — Wachsmuth  and  Springer,  Rev.  Pal.,  2, 
1881,  pp.  63,  230;  N.  A.  Crin.  Cam.,  1897,  p.  730. — Weller,  Bull.  Chicago,  Acad.  Sci.,  4,  pt.  i,  1900, 
P-  137- 

Marsipocrinus  Bather,  Quart.  Jour.  Geol.  Soc.  London,  45,  1889,  p.  173:  Treatise  on  ZooL,  3,  1900,  p.  156, 
fig.  70. — Bassler,  Bibliogr.  Index,  Am.  Ord.  Sil.  Foss.,  1915,  p.  786. 

Cupellaecrinites  Troost,  Am.  Jour.  Sci.,  1849,  p.  419;  Proc.  Am.  Assn.  Adv.  Sci.,  1850,  p.  61  (not  defined). — 
Cupellaecrinus  Meek  and  Worthen  (not  Steininger),  Proc.  Acad.  Nat.  Sci.  Phil.,  1865,  p.  161 ; Geol. 
Surv.  Illinois,  2,  1866,  p.  172. — Shumard,  Trans.  Acad.  Sci.  St.  Louis,  2,  1866,  p.  361 ; p.  387,  footnote. — 
Meek,  Am.  Jour.  Sci.,  1866,  p.  118. 

Platycrinidae  with  one  IBr,  small,  axillary,  and  IIBr  on  either  side  of  it 
resting  on  RR  and  wholly  incorporated  in  dorsal  cup,  followed  by  another  axil- 
lary in  case  of  further  division;  one  large  iBr  supported  by  shoulders  of  RR, 
flanked  by  smaller  ones  at  upper  corners  which  may  be  restricted  to  the  tegmen ; 
arms  stout,  biserial,  two  or  four  to  the  ray,  with  large  pinnules ; tegmen  com- 
posed of  numerous  Anib.  and  iAmb.  plates;  anus  subcentral,  directly  through 
the  tegmen,  without  a tube;  orals  small,  unsymmetric,  pushed  anteriorly,  the 
posterior  plate  between  the  other  four;  stem  circular  in  section,  lumen  large, 
usually  pentagonal  or  peiitapetalous ; small  basal  at  1.  ant.  side. 

Genotype.  Marsnpiocrinns  coelatus  Phillips. 

Distribution.  Silurian  to  Lower  Devonian ; England,  Sweden,  America. 

The  name  Marsnpiocrinns,  proposed  by  Phillips  for  the  English  species,  was  preoccupied 
by  de  Blainville.  Although  Troost’s  Ms.  name,  Cupellaecrinites,  given  for  the  form  after- 
wards described  by  Roemer  as  Platycrinns  tennesseensis,  was  adopted  and  published  by  AJeek 
and  Worthen  and  by  Shumard,  it  is  held  invalid  by  most  authors  for  conflict  with  Cypellae- 
criniis  of  Steininger.  Bather’s  modification  of  Phillips’s  name,  proposed  to  remedy  the  exist- 
ing confusion,  has  been  generally  accepted. 

While  the  European  Silurian  has  furnished  some  excellent  examples  for  illustrating  the 
structure  of  the  genus,  especially  those  figured  by  Angelin  from  Gotland,  the  little  that  has 
been  published  in  regard  to  it  in  America  has  been  far  from  commensurate  with  its  impor- 
tance as  now  known.  This  has  been  due  to  the  extreme  rarity  of  specimens  heretofore  avail- 
able. Wachsmuth  and  Springer  for  the  Camerata  monograph  had  very  meagre  material,  either 
of  our  own  or  in  other  collections.  We  had  only  two  specimens  with  the  tegmen  preserved. 
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which  were  considered  quite  wonderful,  and  the  Troost  collection  which  has  since  become 
accessible  was  not  much  better  supplied.  The  few  calices  that  had  been  picked  up  on  the 
glades  consisted  mostly  of  the  dorsal  cup,  or  of  the  basal  plates  only,  with  the  surface  more 
or  less  smoothed  by  erosion,  and  such  as  were  found  were  usually  assumed  to  belong  to 
Roemer’s  species,  M.  tennesseensis.  The  publication  later  of  Troost’s  monograph  (Bull.  64, 
U.  S.  Nat.  Mus.,  1909)  indicated  the  existence  of  a wider  range  of  forms  than  had  been 
previously  known,  and  brought  out  a number  of  new  specific  names,  but  the  preservation  of 
the  specimens  was  for  the  most  part  poor,  and  not  much  aid  was  given  toward  fixing  the 
diagnostic  characters  of  the  species.  The  elaborate  original  descriptions  were  of  specimens 
rather  than  of  species. 

The  collection  now  assembled  furnishes  for  the  first  time  adequate  material  for  the  study 
of  the  American  forms  of  the  genus,  which  seems  to  have  flourished  profusely  in  the  Ten- 
nessee area.  Most  of  it  was  derived  from  the  shales  of  the  Eiicdyptocrinus  zone  of  the  Beech 
River  formation.  These  yielded  numerous  specimens  from  the  soft  matrix,  in  exquisite  preser- 
vation, admitting  the  most  delicate  preparation,  by  which  the  surface  ornament,  details  of 
tegmen,  and  in  many  cases  the  arms  and  pinnules,  were  brought  to  light  with  a perfection 
never  before  seen  in  this  country.  The  study  of  this  collection  has  resulted  in  the  recogni- 
tion of  ten  species  belonging  to  this  field  alone,  of  which  three  are  new,  while  five  of  those 
proposed  by  Troost  are  confirmed  by  ample  evidence  among  tbe  new  material.  Thus  we  are 
able  to  place  the  leading  species  upon  a firm  footing,  and  to  bring  out  in  detail  the  great 
diversity  by  which  the  genus  is  characterized  upon  a well  defined  structural  plan.  In  other 
areas  a species  has  been  described  by  Weller  from  the  Racine  dolomite  at  Chicago,  and  one 
by  Hall  from  the  Ohio  Silurian,  as  well  as  from  the  Helderbergian  of  New  York,  by  which 
the  range  of  the  genus  is  extended  into  the  Devonian.  Of  the  European  Silurian  there  is  a 
fine  species  from  England,  and  four  from  Gotland  described  by  Angelin,  some  of  which  may 
be  synonyms.  These  forms  for  the  most  part  differ  consistently  from  the  American  species. 
A notable  fact  is  the  extreme  rarity  of  this  genus  in  the  Laurel  formation  of  St.  Paul,  where 
its  presence  is  barely  indicated  by  a few  fragments. 

No  genus  of  fossil  crinoids  is  more  clearly  defined  than  Marsipocriniis.  The  general 
form,  with  broadly  arched  tegmen,  and  the  peculiarity  by  which  the  secundibrachs  rest  directly 
upon  the  radials  and  are  thus,  as  well  as  by  contact  with  the  large  interbrachials,  incorporated 
in  the  cup,  impart  a certain  physiognomy  by  which  it  is  readily  recognized.  Typically  the 
calyx  is  low  and  broad  in  the  proportion  of  i to  3,  or  i to  2,  with  somewhat  less  difference  in 
the  English  species.  Erom  others  of  the  family  it  is  also  decisively  set  off  by  its  many-plated 
tegmen  and  large  stem-lumen. 

Within  the  genus  there  are  several  prominent  specific  characters  by  which  the  limits  of 
the  species  are  fairly  well  defined : 

1.  Form  of  calyx,  which  may  be  either — a,  concavo-convex  or  hemispheric,  with  radial 
facets  directed  below  the  horizontal,  and  tegmen  exceeding  dorsal  cup  in  size : or  b,  bi-convex, 
with  radial  facets  intermediate  and  tegmen  about  equaling  dorsal  cup ; or  c,  convex  conical  ; 
dorsal  cup  deep  convex,  tegmen  low  conical,  constricted,  narrower  than  cup. 

2.  Basal  pentagon  flat  or  convex  with  raised  margin,  to  concave  with  basals  at  bottom 
of  cavity. 

3.  Interbrachial  plate  projecting  Avith  corrugated  arch,  or  smooth  without  projection. 

4.  Tegmen  either — a,  sharply  tubercular,  or  with  raised,  angular,  diamond-shaped  plates, 
and  ambulacra  not  conspicuous ; or,  b,  smooth,  or  with  rounded  plates,  and  ambulacra  well 
defined. 

5.  Surface  markings  either — a.  coarse  granular;  b,  corrugated,  with  coarse  wrinkles 
or  tubercles;  c,  tubercles  confluent  forming  more  or  less  interrupted  lines  or  coarse  striae 
part  way  on  plates ; d,  fine  striae  traversing  the  plates ; e,  entirely  smooth. 

6.  Number  of  arms,  2 to  the  ray  as  in  most  American  species,  or  4 to  the  ray  as  usual  in 
the  European  species. 
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Marsipocrinus  rosaeformis  (Troost) 

Plate  IS,  figs.  1-8;  ig,  figs,  g,  ga 

Cupellaecrinites  rosaeformis  Troost,  Am..  Jour.  Sci.,  1849,  p.  419;  Proc.  Am.  Assn.  Adv.  Sci.,  1850,  p.  61 
(nom.  nud.). — Cupellaecrinus  rosaeformis  Shumard,  Trans.  Acad.  Sci.  St.  Louis,  2,  1866,  p.  361.-^ 
Marsipocrinus  rosaeformis  (Troost)  Wood,  Bull.  64,  U.  S.  Nat.  Mus.,  1909,  p.  37,  pi.  13,  figs.  5,  6. 

A large  species,  typical  specimens  12  mm.  height  of  calyx  by  30  mm.  width, 
to  a maximum  of  15  by  40  mm.  Calj^x  concavo-convex  or  hemispheric;  if  rest- 
ing on  a plane  surface  will  touch  by  radials  or  arm-bases.  Basal  pentagon  flat, 
relatively  small,  about  one  third  the  total  diameter,  usually  with  a small  rim 
around  the  column-facet.  RR  horizontal,  with  facets  directed  out  or  down- 
ward; axillary  IBr  very  small,  triangular,  not  over  one  third  the  width  of  the 
radial,  flanked  by  large  transversely  elongate  IIBr  which  rest  upon  the  radial 
and  meet  by  their  short  inner  faces  above  the  axillary;  they  curve  around  on 
the  outer  side,  abutting  upon  the  large  iBr  and  the  smaller  ones  above,  and  are 
followed  by  higher  brachials  leading  to  the  biserial  arms.  iBr  large,  arched, 
projecting  in  a curved  lip  outward  and  upward,  often  strongly  corrugated  or 
wrinkled,  giving  to  the  calyx  a decagonal  outline  as  seen  from  above;  a much 
smaller  plate  abreast  of  the  iBr  at  either  side  rests  upon  the  IIBr,  sometimes 
limited  to  the  tegmen.  Arms  stout,  biserial,  two  to  the  ray.  Tegmen  broadly 
arched,  larger  than  dorsal  cup;  plates  strongly  nodose,  shading  to  angular  in 
some  specimens,  somewhat  obscuring  the  ambulacra,  which  are  not  conspicuous. 
Surface  ornament  of  cup  very  strong,  either  in  form  of  a simple  corrugation 
with  wrinkles  or  tubercles  not  forming  lines,  or  more  or  less  confluent  in  radiat- 
ing lines  forming  triangles,  or  parallel  striae. 

Tliis  is  the  most  prominent  species  in  the  Tennessee  collections,  represented  by  many 
fine  specimens  mostly  obtained  from  the  excavations.  Comparison  of  Troost’s  type  specimen 
in  the  National  Museum,  as  figured  in  1909,  although  in  poor  condition,  established  that  the 
hemispheric  calyx  is  the  typical  form,  and  enables  us  to  assign  to  the  species  the  other  char- 
acters so  fully  illustrated  by  the  new  material.  The  specimen  figured  herein,  pi.  15,  figs.  9, 
ga,  reproduced  from  my  work  on  ScypJiocrinus,  1917,  ph  9,  figs.  5,  5a.,  as  M.  tennesseensis, 
is  probably  referable  to  this  species. 

Horizon  and  locality.  Chiefly  Encalyptocrinus  zone  of  the  Beech  River  formation, 
Brownsport  group,  Niagaran;  Tuck’s  Mill,  near  Decaturville,  Decatur  County,  Tennessee. 

Marsipocrinus  tennesseensis  (Roemer) 

Plate  14,  figs.  1-6 

Platycrinus  tennesseensis  Roemer,  Sil.  Fauna  Westl.  Tennessee,  i860,  p.  35,  pi.  3,  figs.  4a-/. — Platycriniis 
(Cupellaecrinus)  tennesseensis  Shumard,  Trans.  Acad.  Sci.  St.  Louis,  1866,  p.  362. — Marsupiocrinus 
tennesseensis,  Wachsmuth  and  Springer,  Rev.  Pal.,  2,  1881,  p.  65;  Proc.  Acad.  Nat.  Sci.  Phil.,  1888, 
P-  373,  pl-  20,.  fig.  7 ; N.  A.  Crin.  Cam.,  1897,  p.  731,  pi.  75,  figs.  i6a,  b. — Wood,  Bull.  64,  U.  S.  Nat. 
Mus.,  1909,  p.  31,  pl.  9,  figs.  5,  6. — Bassler,  Bibliogr.  Index,  1915,  p.  788. 

Similar  to  M.  rosaeformis  in  size,  general  proportions  and  form  of  iBr 
plate,  but  with  calyx  bi-convex,  and  dorsal  cup  and  arched  tegmen  about  equal. 
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Basal  pentagon  proportionally  larger;  surface  ornament  similar  but  usually  less 
pronounced.  Radial  facets  directed  above  the  horizontal.  Tegmen  plates  raised, 
somewhat  nodose,  angular,  or  smooth ; ambulacra  fairly  defined. 

Roemer’s  P.  tcnnesscensis  as  described  bv  him  contains  two  species,  of  which  his  figures 
4a,  h,  c,  must  be  taken  for  the  type.  His  specimen  was  weathered,  and  surface  of  both  cup 
and  tegmen  probably  eroded.  But  the  characters  above  specified  are  sufficient  to  identify  the 
species,  of  which  Wachsmuth  and  Springer  figured  a well  preserved  example  (N.  A.  Crin. 
Cam.,  pi.  75,  fig.  16,  but  not  fig.  17). 

Horizon  and  locality.  Beech  River  formation,  Brownsport  group,  Niagaran;  Eucalypto- 
crinits  zone  and  glades,  Decatur  County,  Tennessee. 


Marsipocrinus  striatus  (Wachsmuth  and  Springer) 

Plate  T4,  figs.  7-jy 

Marsupiocrinus  striatus  Wachsmuth  and  Springer,  N.  A.  Crin.  Cam.,  1897,  p.  732,  pi.  75,  fig.  18  only.  Not 
Cupellaecrinus  striatus  Troost,  nor  Marsipocrinus  striatus,  Wood,  Bull.  64,  U.  S.  Nat.  Mus.,  1909, 
p.  33,  pi.  9,  figs.  13,  14  — M.  inflatus. 

A somewhat  smaller  species  than  the  preceding,  varying  from  12  to  14  mm. 
height  of  calyx  to  15  to  26  mm.  diameter.  Calyx  bi-convex,  dorsal  cup  usually 
higher  than  tegmen.  Basal  pentagon  shallowly  depressed,  about  one  half  the 
total  width.  Radial  facets  directed  upwards.  iBr  usually  not  projecting,  smooth, 
curving  over  edge  of  tegmen.  Tegmen  lo\v,  plates  rounded,  smooth  and  but 
little  raised,  leaving  ambulacra  well  defined.  Surface  of  cup  usually  striate, 
continuous  from  plate  to  plate,  sometimes  rather  corrugate  with  striae  more 
obscure — much  dependent  upon  preservation. 

A considerable  number  of  specimens  answer  to  this  description,  and  agree  fairly  well 
with  the  type  of  Wachsmuth  and  Springer,  pi.  75,  fig.  18.  It  is  a variable  form,  tending  to 
shade  into  other  species,  but  the  strong  striate  ornament  and  prominent  exposure  of  ambu- 
lacra are  the  features  chiefly  relied  on.  In  specimens  from  the  glades  the  striae  are  usually 
much  obscured  by  weathering,  for  which  allowance  must  be  made. 

Horizon  and  locality.  Beech  River  formation,  Brownsport  group,  Niagaran;  Tuck’s 
Mill  and  on  glades,  Decatur  County,  Tennessee. 


Marsipocrinus  inflatus  (Troost) 

Plate  15,  figs.  1-8 

Cupellaecrinites  inflatus  Troost,  Proc.  Am.  Assn.  Adv.  Sci.,  1850,  p.  61. — Marsupiocrinus  striatus, 
Wachsmuth  and  Springer,  N.  A.  Crin.  Cam.,  1897,  pi.  75,  fig.  17. — Wood,  Bull.  64,  U.  S,  Nat.  Mus., 
1909,  p.  34. 

A fairly  large  species,  with  calyx  relatively  high,  the  average  being  about 
20  mm.,  by  30  mm.  wide.  Dorsal  cup  convex  and  rather  deep;  basal  pentagon 
large,  about  three  fifths  the  total  diameter,  margins  usually  notched  at  the  inter- 
basal  sutures,  and  sometimes  with  slight  protrusions  at  the  middle  of  the  sides. 
iBr  not  projecting,  but  flush  with  calyx  wall  and  curving  over  into  the  tegmen. 
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Arms  stout,  two  to  the  ray,  with  pinnule  openings  between  their  bases  some- 
times seen.  Tegmen  low  conical,  abruptly  constricted  above  the  arm-bases,  and 
distinctly  narrower  than  the  cup ; plates  flat  or  low  convex,  smooth  or  studded 
with  small  tubercles;  ambulacra  not  conspicuous.  Surface  of  cup  ornate,  usually 
corrugate,  sometimes  with  ridges  forming  striae,  or  lines  parallel  to  margin 
of  plates ; sutures  often  sharply  beveled. 

A well  marked  species,  usually  readily  recognized  by  the  high  calyx,  large  basal  pen- 
tagon, and  a certain  massiveness  not  apparent  in  most  other  species.  The  constricted  tegmen 
is  very  decisive,  but  this  is  seldom  preserved,  and  with  only  the  dorsal  cup  the  large  pentagon 
and  vertical  sides  are  usually  sufficient.  In  well  preserved  specimens  the  sculpturing  is  highly 
ornate.  This  is  clearly  the  form  described  l.iy  Troost  under  the  names  C.  striafiis  and  C.  in- 
flatus,  as  shown  by  his  type  of  the  latter,  and  the  figures  of  the  former  in  the  monograph  of 
1909,  pi.  9,  figs.  13,  14.  The  first  name  being  preoccupied  by  Wachsmuth  and  Springer,  the 
last  should  stand  for  the  species.  A specimen  of  it  was  figured  by  us  as  M.  tennessecnsis 
(N.  A.  Crin.  Cam.,  1897,  pi.  75,  fig.  17  only). 

The  enlarged  details  of  a specimen  of  this  species  shown  by  figure  8 of  plate  15,  along 
with  another  which  may  he  of  M.  rosacformis,  are  reproduced  from  my  works  on  ScypJw- 
cnnus,  1917,  pp.  33-38,  pi.  9,  figs.  5a-c,  and  Dolatocrinus,  Bull.  115,  U.  S.  Nat.  Mus.,  1921, 
p.  24,  pi.  2,  figs.  3,  4.  They  were  given  for  demonstrating  the  true  nature  and  function  of 
the  interbrachial  apertures  observed  in  various  genera  of  the  Camerata,  and  frequently  desig- 
nated as  “ respiratory  pores,”  which  are  now  seen  to  be  the  openings  for  pinnules,  the  ambu- 
lacra leading  to  which  are  shown  in  some  specimens  of  other  species.  For  a full  discussion 
of  this  subject,  and  the  significance  of  these  specimens,  reference  should  he  had  to  those 
papers,  at  the  pages  indicated. 

Horizon  and  locality.  Beech  River  formation,  chiefly  Encalyptocrinus  zone,  Browmsport 
group,  Niagaran ; Tuck’s  Mill  and  glades,  Decatur  County,  Tennessee. 


Marsipocrinus  verneuili  (Troost) 

• Plate  16,  figs.  1-6 

Cupellaccriuites  verneuili  Troost,  Proc.  Am.  Assn.  Adv.  Sci.,  1850,  p.  61  (nom.  mid.). — Marsipoerinus 
verneuili  (Troost),  Wood,  Bull.  64,  U.  S.  Nat.  Mus.,  1909,  p.  32,  pi.  9,  figs.  10,  ii,  12. 

A small  species,  average  diameter  of  calyx  about  15  mm.  Calyx  bi-convex, 
with  shallow  concave  base,  beigbt  to  width  about  as  i to  2.  Basal  pentagon  about 
half  the  total  diameter,  broadly  excavate,  bounded  by  a conspicuous,  obtusely 
triangular  rim,  much  larger  than  the  column-facet,  flaring  outward  to  a sharp 
edge.  iBr  not  projecting,  bent  over  into  the  tegmen.  Arms  tapering,  two  to  the 
ray.  Tegmen  lower  than  cup,  with  low,  smoothly  rounded  plates:  ambulacra 
narrow,  well  defined,  with  some  outer  divisions  running  to  pinnule  openings. 
Surface  of  cup  coarse  striato-corrugate  or  rugose. 

This  species  as  represented  hy  Troost’s  type  is  well  defined,  and  is  confirmed  by  seven 
specimens  in  the  present  collection.  The  flaring  rim  around  the  column  is  a striking  character, 
seen  to  some  extent  in  other  species,  but  in  none  so  conspicuous  as  this. 

Horizon  and  locality.  Beech  River  formation  of  Brownspcrt  group.  Encalyptocrinus 
zone,  Niagaran;  Tuck’s  Mill,  Decatur  County,  Tennessee. 
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Marsipocrinus  excavatus  new  species 
Plate  i6,  figs,  y-yh 

Calyx  plano-convex,  with  basal  pentagon  abruptly  sunken  around  a small, 
round  column-facet.  iBr  projecting  in  small  points.  Tegmen  conical,  higher 
than  cup;  plates  low,  covered  with  small  tubercles.  Surface  markings  on  cup 
coarse,  with  irregular  strong  wrinkles  and  obscure  striae.  Founded  upon  a 
single  specimen  13  mm.  high  by  28  mm.  wide,  with  basal  pentagon  about  one 
third  the  total  diameter. 

Porison  and  locality.  Eucalyptocrinus  zone  of  Beech  River  formation,  Brownsport 
group,  Niagaran ; Tuck’s  Mill,  Decatur  County,  Tennessee. 

Marsipocrinus  concavus  new  species 
Plate  16,  fig.  8 

Calyx  with  deep  funnel-shaped  basal  cavity,  involving  part  of  the  radials. 
Basal  pentagon  very  small,  almost  covered  by  column  at  bottom  of  cavity,  bor- 
dered by  a thin  rim.  Radials  long,  extending  far  down  into  the  basal  cavity. 
Surface  ornament  strong,  composed  of  some  irregular  striae,  and  concentric 
ridges  roughly  parallel  to  margins  of  pentagon.  Tegmen  and  other  parts 
unknown. 

A thoroughly  distinct  species,  differing  from  all  others  as  Pisocrinns  qiiinqiielobus  differs 
from  species  with  large  basals.  Unfortunately  represented  by  only  a single  imperfect  speci- 
men consisting  of  basals  and  radials. 

Horizon  and  locality.  Eucalyptocrinus  zone  of  Beech  River  formation,  Brownsport 
group,  Niagaran;  Tuck’s  Mill,  Decatur  County,  Tennessee. 

Marsipocrinus  stellatus  (Troost) 

Plate  ly,  figs,  i-io 

Cupellaecrinites  stellatus  Troost,  Am.  Jour.  Sci.,  1849,  p.  419;  Proc.  Am.  Assn.  Adv.  Sci.,  1850,  p.  61  (nom. 
nud.). — Cupellaecrinns  stellatus  Shumard,  Trans.  Acad.  ,Sci.  St.  Louis,  1866,  p.  361. — Marsipocrinus 
stellatus  (Troost)  Wood,  Bull.  64,  U.  S.  Nat.  Mus.,  1909,  p.  36,  pi.  10,  figs,  i,  2. 

A rather  small  species,  with  dorsal  cup  perfectly  smooth,  ranging  from  8 
and  10  mm.  height  of  calyx  to  i6  and  24  mm.  width.  Calyx  bi-convex,  broadly 
spreading,  with  base  flat  or  slightly  convex.  Basal  pentagon  about  two  fifths 
the  total  diameter;  interbasal  sutures  often  obscure.  iBr  with  rather  sharp  pro- 
jecting lip.  Arms  directed  horizontal,  long  and  slender  toward  the  extremities, 
two  to  the  ray.  Tegmen  broadly  rounded,  smooth  in  interambulacral  regions, 
or  with  scattering  sharp  nodes;  ambulacra  conspicuous  from  middle  to  arm- 
bases,  with  some  outer  branches  leading  to  pinnule  openings.  Surface  of  cup 
entirely  devoid  of  ornament.  Stem  stout,  tapering  distally  dividing  into  terminal 
branches  for  attachment. 

The  smooth  surface  in  this  species  is  not  a matter  of  erosion,  but  is  a thoroughly  definite 
character,  as  is  shown  by  at  least  a dozen  specimens  in  the  collection,  mostly  well  preserved 
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in  the  matrix  and  several  with  arms  and  stem  attached,  in  none  of  which  is  there  any  trace 
of  surface  markings.  The  tendency  is  toward  anchylosis  of  the  basals.  Along  wdth  these 
characters  the  low  and  broadly  spreading  calyx  makes  the  species  readily  recognized. 

Horizon  and  locality.  Eiicalyptocrinns  zone  of  Beech  River  formation,  Brownsport 
group,  Tuck’s  Mill,  Decatur  County,  Tennessee. 

Marsipocrinus  striatissimus  new  species 
Plate  i8,  figs,  i-y 

A very  large  species,  attaining  a diameter  of  50  or  60  mm.,  with  extremely 
thin  plates,  so  that  specimens  are  rarely  found  nndistorted,  or  with  anything 
but  the  basal  pentagon  preserved.  Calyx  low  and  broadly  spreading,  with  arm 
facets  directed  about  horizontal.  Base  convex,  with  narrow  rounded  rim  about 
column  facet.  iBr  projecting  but  little,  mostly  smooth.  Tegmen  low,  usually 
crushed,  with  plates  level,  smooth,  or  covered  with  small  nodes  or  tubercles; 
ambulacra  not  conspicuous.  Surface  of  cup  marked  by  an  exceedingly  fine 
striation,  with  straight  lines  crossing  the  sutures  from  plate  to  plate. 

Roemer’s  figure  4J  may  be  of  this  species,  and  it  was  also  this  which  Wachsmuth  and 
Springer  had  in  mind  when  in  describing  their  much  smaller  and  more  robust  M.  .striatns 
they  stated  that  it  sometimes  reached  6 cm.  in  width.  It  is  not  uncommon  on  the  glades  as 
fragments  only,  characterized  by  large  size  and  the  extreme  thinness  of  the  plates.  The 
crushed  specimen  figured  on  plate  18,  figures  i,  la,  is  the  nearest  to  a complete  calyx  that  is 
known.  Two  fairly  robust  dorsal  cups  have  the  characteristic  delicate  striation,  while  in  the 
specimen  with  arms  it  is  almost  obliterated  by  pressure. 

Horizon  and  locality.  Eucalyptocrinus  zone  of  Beech  River  formation,  Brownsport 
group,  Niagara!! ; Tuck’s  IMill  and  glades,  Decatur  County,  Tennessee. 


Marsipocrinus  magnificus  (Troost) 

Plate  ig,  figs,  i-ib 

Cupellaecrinites  magnificus  Troost,  Proc.  Am.  Assn.  Adv.  Sci.,  1850,  p.  61  (nom.  mid.). — Ciipellaecrinus 
magnificus  Shumard,  Trans.  Acad.  Sci.  St.  Louis,  2,  1866,  p.  361. — Marsipocrinus  magnificus  (Troost) 
Wood,  Bull.  64,  U.  S.  Nat.  Mus.,  1909,  p.  34,  pi.  10,  figs.  5-7. 

A very  large  and  robmst  species,  with  four  arms  to  the  ray.  Calyx  bi- 
convex ; height  27  mm.  width  40  mm.  Base  about  flat,  with  a thickened  rounded 
rim  surrounding  the  column-facet;  basal  pentagon  about  three  fifths  the  diame- 
ter of  calyx.  Two  secundibrachs  in  succession  meet  above  the  triangular  primi- 
brach,  the  second  one  axillary,  follotved  by  a second  division  of  the  ray,  giving 
four  arm  openings  instead  of  two  as  in  all  the  preceding  species.  iBr  verv  large, 
broadly  shield-shape,  truncate  above,  and  but  little  projecting.  Tegmen  com- 
posed of  strong  convex  or  nodose  plates,  with  ambulacra  not  conspicuous. 
Surface  of  cup  deeply  sculptured,  with  beveled  sutures,  and  coarse  tubercles 
coalescing  into  prominent  ridges  to  the  corners  of  the  basal  pentagon,  and 
from  there  across  the  radials,  forming  conspicuous  triangles  with  apex  at  the 
primibrach. 
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Known  only  from  the  fine  and  perfect  calyx  of  the  type  specimen  in  the  Troost  collec- 
tion, and  distinguished  from  all  other  known  American  Silurian  species  by  having  four  arms 
to  the  ray.  as  in  the  English  and  Swedish  species.  But  it  is  remarkable  that  whereas  in  the 
latter  the  interbrachial  plate  is  compressed  by  the  increased  number  of  arms  so  that  it  is  elon- 
gate and  pointed  above,  in  the  present  species  it  is  wide  and  broadly  truncate  above  as  in  the 
2-armed  forms,  the  expansion  at  the  arm  bases  being  accommodated  by  the  great  convexity 
of  the  tegmen.  In  fact,  aside  from  the  number  of  arms  this  species  bears  not  the  slightest 
resemblance  to  the  European  forms.  That  other  species  with  4 arms  existed  in  the  Tennessee 
area  is  indicated  by  two  fragments  from  Wayne  County,  insufficient  for  description. 

Horizon  and  locality.  Brownsport  group,  Niagaran ; Decatur  County,  Tennessee. 

Marsipocrinus  turbinatus  new  species 
Plate  17,  figs.  11-13 

Among  all  the  collections  from  the  Laurel  formation  at  St.  Paul  the  four 
fragmentary  bases  here  figured  are  the  only  specimens  found  belonging  to  this 
genus.  They  are  of  a wholly  different  type  from  all  the  other  known  species, 
with  their  turbinate  base  indicating  a more  or  less  elongate  calyx ; but  the  pen- 
tagonal form,  with  the  rim  surrounding  the  column-facet,  and  the  large  lumen, 
would  seem  to  settle  the  generic  affinities  of  the  species. 

Horizon  and  locality.  Laurel  formation,  Niagaran;  St.  Paul,  Indiana. 


Marsipocrinus  coelatus  Phillips 
Plate  ig,  figs.  2-7 

Marsupiocrimtcs  coelatus  Phillips,  Murchison’s  Sil.  .Syst.,  1839,  p.  672,  pi.  18,  fig.  i. — Austin,  Ann.  Mag. 

Nat.  Hist.,  1842,  p.  109. — Bather,  Lankester  Zool.,  pt.  3,  p.  157,  fig.  70. 

A medium  sized  species.  Calyx  convex-conical,  ranging  from  7 to  15  mm. 
height  to  12  to  30  mm.  width.  Dorsal  cup  rather  deep,  broadly  rounded  below; 
basal  pentagon  nearly  flat,  sometimes  excavate,  about  one  third  the  total  width. 
RR  mostly  horizontal  in  mature  specimens;  IBr  rather  large,  triangular;  LTBr  2 
in  series,  the  second  one  axillary  for  a second  division,  followed  by  2 or  3 bra- 
chials  passing  into  the  biserial  arms.  Arms  4 to  the  ray,  directed  vertically, 
fairly  stout.  iBr  elongate,  narrowing  to  an  apex  between  the  rays,  almost  com- 
pletely enveloped  by  the  lower  brachials  and  incorporated  in  the  dorsal  cup. 
Tegmen  low  conical  or  rounded,  composed  of  numerous  small  plates,  often 
covered  by  a gastropod  commensally  attached  over  the  anus;  ambulacra  not 
prominent,  but  distinctly  marked  by  small  covering  plates,  with  outer  branches 
running  to  interbrachial  pinnule  openings.  Surface  of  cup  striato-corrugate, 
marked  in  well  preserved  specimens  by  strong  ridges  crossing  the  sutures,  but 
more  often  obsolete.  Stem  stout  and  apparently  fixed. 

An  abundant  and  well  known  species  of  the  English  Silurian,  here  figured  for  com- 
parison ; it  has  been  best  illustrated  heretofore  by  Bather  in  the  Lankester  Zoology,  part  3, 
page  157,  figure  70.  Specifically  it  bears  little  resemblance  to  any  American  form,  while  it  is 
a fine  representative  of  the  20-armed  type  which  seems  to  have  predominated  in  the  European 
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area,  in  contrast  to  that  of  10  arms  chiefly  characteristic  of  the  American  rocks,  from  which 
it  is  also  sharply  distinguished  by  its  elongate,  pointed  interbrachial  jjlate. 

A feature  of  this  species  not  heretofore  mentioned  to  my  knowledge  is  the  tendency  to 
grow  in  clusters,  several  individuals  in  a group  being  attached  by  their  stout  stems  to  corals 
or  other  fixed  objects.  I am  illustrating  this  by  a slab  from  Dudley,  shown  by  a reduced 
photograph  on  plate  19,  with  nine  stems  springing  from  a common  base,  four  of  them  with 
the  crowns  attached  and  visible,  and  the  others  with  the  crowns  imbedded  in  the  matrix. 
Such  a multiple  fixation  is  unusual  among  crinoids,  but  here  it  seems  to  be  a character  more 
than  merely  incidental,  as  other  specimens  are  known,  one  very  fine  one,  for  example,  in  the 
Dudley  Museum,  and  another  in  the  collection  of  the  late  Mr.  Charles  Holcroft,  now  in  the 
Museum  of  Birmingham. 

Horizon  and  locality.  Wenlockian  group,  Silurian ; Dudley,  England. 

Of  other  described  species  there  are  one  by  Weller  from  the  Racine  dolomite,  one  by 
Hall  from  the  dolomite  at  Cedarville,  Ohio,  one  by  Hall  from  the  Helderbergian  of  New 
York ; and  four  by  Angelin  from  Gotland. 
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Order  FLEXIBILIA  Zittel 

CrINOIDS  with  a flexible  calyx  in  which  the  lower  BRACHIALS  are  LOOSELY!  INCOR- 
PORATED INTO  THE  DORSAL  CUP  EITHER  BY  LATERIAL  UNION  WITH  PIACH  OTHER,  BY  MEANS 

OF  INTERBRACHIALS,  OR  OF  A LOOSE  SKIN  STUDDED  WITH  CALCAREOUS  PARTICLES.  AlL 

PLATES  BEYOND  THE  RADIALS  UNITED  BY  LOOSE  SUTURE,  AND  MORE  OR  LESS  MOVABLE. 

Mouth  and  tegminal  food  grooves  exposed.  Base  dicyclic,  with  three  infra- 

BASALS,  UNEQUAL.  ArMS  NON-PINNULATE.  StEM  ROUND. 

In  view  of  the  fact  that  this  order  of  the  Crinoidea  has  recently  been  treated  mono- 
graphically  in  my  work  on  the  Crinoidea  Flexibiha,  2 volumes  4to,  Smithsonian  Publication 
2501,  1920,  in  which  nearly  all  the  species  occurring  in  the  areas  here  under  consideration 
have  been  fully  described  and  their  generic  relations  discussed,  it  is  not  deemed  necessary  to 
repeat  the  descriptions,  or  to  do  more  than  give  a list  of  the  genera  and  species  with  references 
to  that  work  where  the  complete  bibliography  will  be  found,  together  with  a selection  of  the 
principal  figures — for  the  greater  convenience  of  students  of  the  Silurian  faunas. 

Of  the  Flexibiha  group  there  have  been  recognized  from  this  area  10  genera  and  18 
species,  all  but  two  of  the  genera  from  Tennessee.  Three  of  the  species  are  new;  ii  are  from 
Tennessee,  6 from  Indiana,  and  one  from  Ohio.  They  are  distributed  among  the  four  fami- 
lies of  the  order  as  follows:  Lecanocrinidae  12,  Sagenocrinidae  2,  Tchthyocrinidae  2,  Taxo- 
crinidae  2.  Thus  the  great  preponderance  of  this  type  as  found  in  the  present  collections  be- 
longs to  the  small,  robust  and  better  preserved  Lecanocrinidae. 

Of  the  ten  genera,  nine  are  common  to  both  Europe  and  America.  Of  these,  six  were 
formerly  considered  to  be  exclusively  Swedish  and  English.  One  newly  described  genus  is 
represented  by  species  from  both  continents.  One  highly  typical  Gotlandian  and  English 
genus,  Pycnosacais,  hitherto  barely  recognized  in  this  country,  appeared  in  the  Beech  River 
formation  in  considerable  abundance,  one  species  of  which  can  scarcely  be  distinguished  from 
its  foreign  prototype.  Sagenocrinus,  another  specialized  form  of  the  European  Silurian,  is 
represented  here  by  a thoroughly  typical  species.  And  a third,  Gnorimocrinus,  now  appears 
for  the  first  time  in  America.  Besides  these  important  contributions  from  the  Tennessee 
Silurian  there  are  two  well  defined  new  genera,  Hormocriniis  and  AsapJiocrinus,  in  the  form 
of  finely  preserved  specimens,  the  first  of  which  also  occurs  in  Europe  as  new  species.  Thus 
the  Elexibilia,  usually  the  rarest  of  the  crinoids,  take  their  place  among  this  fauna  as  one  of 
its  most  important  constituents. 

SuLwder  SAGENOCRINOIDEA 

Posterior  iiiterradiiis  either  not  differentiated  or  containing-  anal  plates, 
not  usually  formed  into  a tube,  the  first  of  which  is  incorporated  in  the  calyx 
by  sutural  union  with  adjacent  brachials  for  at  least  part  of  its  height  on  both 
sides;  posterior  basal,  if  difl'erentiated,  truncate  or  angular,  and  suturally  con- 
nected with  succeeding-  anal  plate. 

Family  LECANOCRINIDAE  Springer 
Infrabasals  more  or  less  erect,  forming  an  essential  part  of  the  calyx  wall ; 
crown  usually  short,  rotund. 
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LECANOCRINUS  Hall 
Plate  20 

Lecanocrinus  Hall,  Pal.  New  York,  2,  1852,  p.  199.— Springer,  Crinoidea  Flexibilia,  1920,  p.  125. 

Rays  in  contact  except  at  the  anal  side.  Radianal  rhombic,  obliquely  to 
lower  left  of  r.  post.  R.  Anal  x alone.  Arms  dichotomous,  interlocking. 

Genotype.  Lecanocrinus  macropetalus  Hall. 

Distribution.  Silurian  to  Devonian ; Gotland,  England,  America. 

Lecanocrinus  pusillus  Hall 
Plate  20,  figs.  1-5 

Lecanocrinus  pusillus  Hall,  Trans.  Albany  Inst.,  4,  1863,  p.  200. — Springer,  Crinoidea  Flexibilia,  1920, 
p.  131,  pi.  I,  figs.  1-13. 

Waldron  shale;  Waldron,  Indiana;  Newsom,  Tennessee. 

Lecanocrinus  pisiformis  (Roemer) 

Plate  20,  figs.  6-12 

Poteriocrinus  pisiformis  Roemer,  Sil.  Fauna  Westl.  Tennessee,  i860,  p.  54,  pi.  4,  figs.  ya-d. — Lecanocrinus 
pisiformis  Springer,  Crinoidea  Flexibilia,  1920,  p.  135,  pi.  i,  figs.  14-36. 

Beech  River  formation;  Decatur  County,  Tennessee. 

Lecanocrinus  elongatus  new  species 
Plate  20,  figs,  ij,  14 

Similar  to  L.  pisiformis,  but  crown  more  elongate,  and  basals  relatively 
higher. 

Laurel  limestone;  St.  Paul,  Indiana. 

Lecanocrinus  meniscus  Springer 
Plate  20,  figs.  15- 13b 

springer,  Crinoidea  Flexibilia,  1920,  p.  140,  pi.  i,  figs.  27a-c. 

Beech  River  formation;  Decatur  County,  Tennessee. 

Three  species  have  been  described  from  the  Rochester  shale,  one  from  the  Racine,  and 
one  from  the  Bainbridge  of  Missouri;  and  10  species  described  as  Lecanocrinus  have  been 
referred  to  other  genera.  See  Bassler’s  Bibliogr.  Index,  page  692. 

ANISOCRINUS  Angelin 
Plate  20 

Anisocrinus  Angelin,  Icon.  Crin.  Suecc.,  1878,  p.  13. — Springer,  Crinoidea  Flexibilia,  1920,  p.  160. 

Rays  above  radials  separated  by  solid  plates  arched  over  by  brachials.  RA 
irregularly  under  r.  post.  R,  above  line  of  BB.  Anal  x and  one  large  iBr  alone 
or  followed  by  others.  Arms  dichotomous. 

Genotype.  Anisocrinus  interradiatus  Angelin. 

Distribution.  Gotland,  America. 
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Anisocrinus  greenei  (Miller  and  Gurley) 

Plate  20,  figs.  i6,  i/ 

Lecanocrinus  greenei  Miller  and  Gurley,  Bull.  8,  Illinois  St.  Mus.,  1896,  p.  52,  pi.  3,  fig.  28. — Anisocrinus 
greenei,  Springer,  Crinoidea  Flexibilia,  1920,  p.  163,  pi.  10,  figs.  8,  9. 

Louisville  limestone ; Jefferson  County,  Kentucky ; Beech  River  formation,  Decatur 
County,  Tennessee. 

There  are  also  figured  for  comparison : 

Anisocrinus  oszvcgocnsis  (Miller  and  Gurley),  plate  20,  figure  18,  from  Crinoidea  Flexi- 
bilia, plate  10,  figures  ya-c.  Oswego,  Illinois. 

Anisocrinus  angelini  Wachsmuth  and  Springer,  plate  20,  figure  19,  from  Crinoidea  Flexi- 
bilia, plate  10,  figures  4fl,  h.  Gotland,  Sweden. 

HORMOCRINUS  Springer 
Plate  22 

Hormocrinus  Springer,  Crinoidea  Flexibilia,  1920,  p.  160. 

Rays  above  radials  separated  by  solid  plates  followed  by  perisome.  No  RA. 
Anal  X and  large  iBr  followed  by  others  abreast  and  perisome,  or  directly  by 
perisome.  Arms  dichotomous. 

Genotype.  Centrocrinus  tennesseensis  Worthen. 

Distribution.  Silurian  ; America,  England,  Gotland. 

Hormocrinus  tennesseensis  (Worthen) 

Plate  22,  figs,  i-gb 

Centrocrinus  tennesseensis  Worthen,  Geol.  Surv.  Illinois,  8,  1890,  p.  96,  pi.  14,  fig.  i. — Hormocrinus  ten- 
nesseensis, Springer,  Crinoidea  Flexibilia,  1920,  p.  167,  pi.  14,  figs.  1-5. 

Beech  River  formation;  Decatur  County,  Tennessee. 

ASAPHOCRINUS  Springer 
Plate  20 

Asaphocrinus  Springer,  Crinoidea  Flexibilia,  1920,  p.  174. 

Rays  above  radials  separated  by  perisome  only.  RA  rhombic,  obliquely  to 
left  of  r.  post.  R.  Anal  x followed  by  others  passing  into  a tube.  No  iBr,  areas 
filled  with  perisome,  sometimes  not  exposed.  Arms  dichotomous. 

Genotype.  Asaphocrinus  basslcri  .Springer. 

Distribution.  Silurian ; America. 

Asaphocrinus  bassleri  Springer 
Plate  20,  figs.  20,  21 

springer,  Crinoidea  Flexibilia,  1920,  p.  178,  pi.  10,  figs.  10-14. 

Beech  River  formation ; Decatur  County,  Tennessee. 
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Asaphocrinus  minor  new  species 
Plate  20,  fig.  22 

An  imperfect  specimen  lacking  the  basal  parts,  referred  with  doubt  to  this 
genus.  The  general  proportions,  distribution  of  arms,  and  extent  of  anal  struc- 
tures, are  in  favor  of  it. 

Laurel  limestone ; St.  Paul,  Indiana. 

PYCNOSACCUS  Angelin 
Plate  21 

Pycnosaccus  Angelin,  Icon.  Crin.  Suecc.,  1878,  p.  13. — Springer,  Crinoidea  Flexibilia,  1920,  p.  180. 

Rays  above  radials  separated  by  perisome  only.  RA  rhombic,  obliquely 
to  left  of  r.  post.  R.  Anal  x alone,  followed  by  perisome.  IBr  i to  4.  Arms 
dichotomous.- 

Genotype.  Cyathocrinites  scrohiciilatus  Hisinger. 

Distribution.  Silurian  to  Devonian ; Gotland,  England,  America. 

The  first  indication  of  the  presence  of  this  genus  in  America  was  given  by  the  imperfect 
specimen  described  by  Weller  in  1900  as  P.  americanus  from  the  Racine  dolomite.  It  has 
since  appeared  probable  that  the  species  described  by  Hall  as  Lccanocrinns  caliculus  from  the 
Clinton  of  New  York  belongs  here.  Recent  discoveries  have  extended  the  range  of  the  genus 
into  the  Lower  Devonian,  and  perhaps  into  the  middle  Devonian  of  Canada.  The  material 
from  the  Beech  River  formation  of  Tennessee  not  only  furnished  fine  specimens  for  illus- 
trating the  general  habitus  of  the  genus,  but  has  thrown  a flood  of  light  upon  its  detailed 
structure,  by  means  of  which  its  actual  characters  became  for  the  first  time  understood. 


Pycnosaccus  patei  Springer 
Plate  2T,  figs.  1-4 

Springer,  Crinoidea  Flexibilia,  1920,  p.  186,  pi.  12,  figs.  1-9. 

Beech  River  formation;  Decatur  County,  Tennessee. 


Pycnosaccus  welleri  Springer 

Plate  21,  figs.  5-7 

Springer,  Crinoidea  Flexibilia,  1920,  p.  186,  pi.  13,  figs.  3-5. 

Beech  River  formation ; Decatur  County,  Tennessee. 

Pycnosaccus  laurelianus  new  species 
Plate  21,  figs.  8,  8a 

A small  species  (the  figures  are  double  size),  with  more  robust  arms  and 
smaller  radianal  than  the  Tennessee  forms,  and  a peculiar  upward  widening  of 
the  anal  plate  not  observed  in  others. 

Laurel  limestone ; St.  Paul,  Indiana. 
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Pycnosaccus  dubius  Springer 
Plate  21,  figs,  g,  ga 

springer,  Crinoidea  Flexibilia,  1920,  p.  189,  pi.  13,  figs,  iia,  b. 

Beech  River  formation;  Decatur  County,  Tennessee. 

Family  SAGENOCRINIDAE  Roemer  emend.  Springer* 

Infrabasals  more  or  less  recumbent,  taking  little  part  in  calyx  wall.  Crown 
usually  elongate.  Rays  above  radials  partly  or  wholly  separated. 

SAGENOCRINUS  Austin 
Plate  22 

Sagenocrinites  Austin,  Ann.  Mag.  Nat.  Hist.,  1842,  p.  iio.—Sagenocrinus  Springer,  Crinoidea  Flexibilia, 
1920,  p.  215. 

RA  obliquely  under  r.  post,  ray,  more  or  less  between  BB.  Post.  B truncate. 
Anals  and  iBr  numerous.  Arms  dichotomous,  not  abutting. 

Genotype.  Actinocrinites?  expansus  Phillips. 

Distribution.  Silurian  ; England,  Gotland,  America. 

Sagenocrinus  clarki  Springer 
Plate  22,  figs.  4,  4a 

Springer,  Crinoidea  Flexibilia,  1920,  p.  220,  pi.  19,  figs.  4a-d. 

Beech  River  formation;  Decatur  County,  Tennessee. 

Sagenocrinus  americanus  Springer 
Plate  22,  fig.  5 

springer.  Am.  Geol.,  30,  1902,  p.  86;  Crinoidea  Flexibilia,  1920,  p.  221,  pi.  19,  fig.  5. 

Waldron  shale;  Waldron,  Indiana. 

Eamily  ICHTPIYOCRTNIDAE  Angelin  emend.  Wachsmuth  and  Springer 

Infrabasals  horizontal,  not  appearing  externally  and  taking  no  part  in  the 
calyx  wall.  Crown  elongate  or  rotund.  Rays  widening  upward  to  accommo- 
date expansion  of  calyx,  but  in  close  contact,  usually  interlocking  or  abutting 
above  interbrachials. 

ICHTHYOCRINUS  Conrad 
Plate  22 

Ichthyocrimis  Conrad,  Jour.  Acad.  Nat.  Sci.  Phil.,  8,  1842,  p.  279. — Springer,  Crinoidea  Flexibilia,  1920, 
p.  264. 

Rays  in  contact  all  around.  RA  in  form  of  R under  r.  post.  R.  No  anal  or 
iBr.  Post.  B not  differentiated.  Arms  dichotomous,  interlocking. 

Genotype.  lehthyocrinus  laevis  Conrad. 

Distribution.  Silurian  to  Devonian ; America,  England,  Gotland,  Bohemia. 
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Ichthyocrinus  subangularis  Hall 
Plate  22,  figs.  12,  ig 

Ichthyocrinus  subangularis  Hall,  Trans.  Albany  Inst.,  4,  i860,  p.  201.— Springer,  Crinoidea  Flexibilia,  1920, 
p.  281,  pi.  34,  figs.  i-io. 

Waldron  shale;  Waldron,  Indiana. 


CLIDOCHIRUS  Angelin 
Plate  21 

Clidochirus  Angelin,  Icon.  Crin.  Suecc.,  1878,  p.  12. — Springer,  Crinoidea  Flexibilia,  1920,  p.  294. 

Rays  in  contact  except  at  anal  side.  RA  in  form  of  R under  r.  post.  R. 
Anal  X alone  or  followed  by  others.  Post  B truncate.  Arms  dichotomous, 
interlocking'. 

Genotype.  Clidochirus  pyrmn  Angelin. 

Distribution.  Silurian  to  Devonian ; Gotland,  America. 

Clidochirus  americanus  Springer 

Plate  21,  figs.  lo,  ii 

Springer,  Crinoidea  Flexibilia,  1920,  p.  298,  pi.  37,  figs.  7,  8. 

Clinton ; Dayton,  Ohio. 

Suborder  TAXOCRINOIDEA 

Family  TAXOCRINIDAE  Wachsmuth  emend.  Springer 

Posterior  interradius  always  differentiated  and  occupied  by  anal  plates  in 
a tube-like  series,  none  of  which  are  incorporated  in  the  calyx.  All  anal  plates 
from  post.  B up  separated  by  perisome  from  adjacent  brachials  at  one  or  both 
sides.  Distal  face  of  post.  B not  suturally  connected  with  anal  plate.  Rays  above 
radials  partly  or  wholly  separated  all  around.  Crown  usually  elongate. 

PROTAXOCRINUS  Sp  ringer 
Plate  22 

Protaxocrinus  Springer,  Crinoidea  Flexibilia,  1920,  p.  345. 

RA  in  form  of  R under  r.  post.  R.  iBr  few.  Rays  wholly  separated  by  iBr 
or  perisome.  Arms  dichotomous. 

Genotype.  Taxocrinus  ovalis  Angelin. 

Distribution.  Ordovician,  Silurian,  Devonian ; Gotland,  America. 
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Protaxocrinus  robustus  Springer 
Plate  22,  figs.  6,  J 

springer,  Crinoidea  Flexibilia,  1920,  p.  349,  pi.  45,  figs.  9-1 1. 

Beech  River  formation;  Decatur  County,  Tennessee. 

GNORIMOCRINUS  Wachsmnth  and  Springer 
Plate  22 

Gnorimocrinus  Wachsmuth  and  Springer,  Rev.  Pal.,  i,  1879,  p.  50. — Springer,  Crinoidea  Flexibilia,  1920, 
P-  353- 

RA  rhombic,  obliquely  to  left  of  r.  post.  R.  iBr  few,  rays  wholly  separated 
by  iBr  or  perisome.  Arms  dichotomous. 

Genotype.  Taxocrinns  expansus  Angelin. 

Distribution.  Silurian;  Gotland,  America. 

Gnorimocrinus  cirrifer  Springer 
Plate  22,  figs.  8-io 

Springer,  Crinoidea  Flexibilia,  1920,  p.  355,  pi.  47,  figs.  7-12. 

Beech  River  formation;  Decatur  County,  Tennessee. 

Gnorimocrinus  varians  Springer 
Plate  22,  figs,  ii,  iia 

Springer,  Crinoidea  Flexibilia,  1920,  p.  356,  pi.  47,  figs.  13-17. 

Beech  River  formation;  Decatur  County,  Tennessee. 
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Order  INADUNATA  Wachsmuth  and  Springer 

Crinoidea  with  a rigid  calyx  in  which  the  brachials  are  free  (or  sometimes  loosely 

connected)  above  the  radials.  No  interradials  or  interbrachials  except  at  the 

POSTERIOR  SIDE,  AND  BRACHIALS  NEVER  NORMALLY  INCORPOIL\TED  IN  THE  CALYX.  PlATES 

OF  THE  CUP  UNITED  BY  CLOSE  SUTURE.  MoUTH  SUBTEGMINAL ; FOOD-GROOVES  SUPRA- 

TEGMINAL,  BUT  MAY  BE  CLOSED  BY  FIXED  AMBULACRAL  PLATES.  ArMS  WITH  OR  WITHOUT 

PINNULES. 

Of  this  order  by  far  the  most  important  development  resulting  from  the  present  collec- 
tions is  in  the  Calceocrinidae,  which  in  their  peculiar  anatomy  stand  out  apart  from  all  other 
crinoids.  This  has  not  only  furnished  the  material  for  the  first  satisfactory  comparison  of 
European  and  American  forms,  but  also  has  produced  an  example  of  evolutionary  modifi- 
cation, with  the  process  clearly  visible,  that  is  without  precedent  among  the  crinoids.  This 
succession  involves  a long  course  from  the  Ordovician  to  the  Lower  Carboniferous,  and  in 
the  somewhat  elaborate  treatment  of  the  family  which  its  history  has  dictated,  it  has  been 
found  necessary  to  include  rather  full  discussion  and  illustration  based  upon  those  epochs  in 
addition  to  the  Silurian. 

Another  strange  form,  Myelodactylus,  with  its  coiled  bilateral  stem,  has  proved  to  be 
prolific  in  instructive  material,  revealing  close  relationship  with  some  of  the  European  species. 
The  genus  Gissocrinns,  hitherto  known  only  from  Gotland  and  England,  is  represented  here 
by  at  least  two  species,  one  of  them  of  a type  decidedly  new  and  distinct. 

Among  the  Larviformia,  the  puzzling  genus  Zophocrinns  is  now  illustrated  more  com- 
pletely than  ever  before,  and  doubtful  points  of  its  structure  cleared  up ; and  the  mysterious 
Mysticocrinus  re-figured  and  described.  The  inconspicuous  and  widely  distributed  Pisocrinus 
is  represented  by  such  a wealth  of  new  material  as  to  require  a complete  review  of  the  numer- 
ous species  already  known. 

Suborder  LARVIFORMIA  Wachsmuth  and  Springer 

Monocyclic  (with  exceptions).  Calyx  above  the  base  consisting  only  of 
radials  and  orals,  without  anal  plates,  and  usually  without  visible  ambulacra; 
plates  immovably  united  by  close  suture.  Arms  non-pinnulate,  simple  and  uni- 
serial. Tegmen  when  known  consisting  chiefly  of  orals. 

Family  PISOCRINIDAE  Angelin 

Basals  three  to  five;  radials  five,  unequal,  r.  post,  and  r.  ant.  compound, 
1.  post,  and  ant.  much  the  largest,  1.  ant.  reduced. 
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PISOCRINUS  De  Koninck 
Plates  2^,  24,  25 

Pisocrinus  De  Koninck,  Bull.  Acad.  Roy.  Belgique,  2me.  ser.,  4,  1858,  p.  93. — Angelin,  Icon.  Crin.  Suecc., 
1878,  p.  20. — Wachsmuth  and  Springer,  Rev.  Pal.,  3,  1886,  p.  172. — S.  A.  Miller,  Jour.  Cin.  Soc. 
Nat.  Hist,  1879,  p.  10;  Am.  Geol.,  1890,  p.  356;  17th  Ann.  Rep.  Dep.  Geol.,  Indiana,  1892,  p.  636- 
642  (adv.  sheets,  pp.  26-32). — Bather,  Crin.  Goth,  1893,  p.  21;  Treatise  on  Zooh,  3,  1900,  p.  149, 
fig.  62. — Jaekel,  Zeitschr.  d.  D.  Geol.  Gesell,  1900,  p.  482;  Phylogenie  und  System,  1918,  p.  89. — 
Etheridge,  Rec.  Australian  Mus.,  1904,  p.  289. — Zittel-Eastman,  Textb.  Pah,  1913,  p.  208. — Thomas, 
Proc.  Iowa  Acad.  Sci.,  22,  1916,  p.  291. — Bassler,  Bibliogr.  Index,  1915,  p.  980. 

Triacrimis  Ringueberg  (not  Munster),  Proc.  Acad.  Nat.  Sci.  Phil.,  1884,  p.  144. 

Crinoids  of  very  small  size.  BB  5,  unequal;  r.  p.  and  r.  a.  truncate  distally 
and  smaller  than  the  other  three,  which  are  angular  above.  RR  unequal  and 
unsymmetric;  1.  post,  and  ant.  large,  widest  below,  and  meeting  BB  by  trun- 
cate faces,  the  other  three  RR  small,  angular  below  and  not  touching  BB; 
r.  post.  R.  transversely  bisected,  the  large  lower  segment  serving  as  inferradial 
for  it  and  the  r.  ant.  R.  thus  forming-  the  RA,  which  separates  them  both  from 
BB ; this  plate  and  the  two  large  RR  constitute  the  greater  part  of  the  calyx. 
Arms  5,  unbranchcd  non-pinnulate,  composed  of  very  long  brachials  beyond 
the  first,  which  is  short;  they  spring  from  indented  facets  at  the  middle  of  the 
radials  bounded  by  processes  or  partitions  at  either  side  projecting  upward  and 
inward;  the  processes  are  various  in  form  and  size,  from  low,  narrow,  rectan- 
gular, to  high,  wide  and  of  spear-head  shape,  that  on  the  posterior  side,  formed 
by  the  right  and  left  posterior  radials,  being  lower  and  wider  than  the  others, 
and  curved  inward  for  support  of  the  anal  tube.  Tube  crescentic  or  triangular 
in  section,  resembling  an  arm.  Tegmen  arched  by  5 solid  orals  which  interlock 
at  the  center,  meet  closely  at  their  lateral  faces,  and  connect  with  the  radial 
processes.  Stem  round,  with  short  columnals,  thickened  in  the  middle.  Surface 
usually  smooth,  exceptionally  tubercular.  (See  generic  diagram,  pi.  23,  fig.  46.) 

Genotype.  Pisocrinus  pilula  De  Koninck. 

Distribution.  Silurian ; Gotland,  England,  America,  Australia. 

Pisocrinus  is  a form  of  cosmopolitan  distribution,  being  found  almost  wherever  Silurian 
strata  are  exposed,  not  only  in  Europe  and  America,  but  also  in  the  antipodes,  two  species 
having  been  described  from  Australia.  A characteristic  fossil  of  the  Wenlockian  beds  of 
England  and  Sweden,  from  the  former  of  which  it  was  first  described,  the  genus  has  been 
recognized  from  American  rocks  in  New  York,  Ohio,  Indiana,  Illinois,  Iowa,  Missouri  and 
Tennessee,  in  almost  all  the  subdivisions  of  the  Silurian  from  the  Clinton  and  Osgood  to  the 
Racine  dolomite  and  the  Eouisville.  In  some  of  these  areas  it  is  an  important  guide  fossil. 
Species  are  numerous,  and  in  some  of  them  individuals  are  abundant.  Comparison  of  Euro- 
pean and  American  species  shows  a striking  correspondence  in  some  of  them,  which  con- 
trilnites  important  evidence  of  a migrational  connection  by  way  of  a northern  route  between 
the  faunas  of  northern  Europe  and  the  United  States  during  Silurian  epochs. 

For  a full  discussion  of  the  i-elations  of  Pisocrinus  and  the  literature  concerning  it, 
reference  should  be  had  to  Dr.  Bather’s  Crinoidea  of  Gotland,  1893.  The  parallelism  of 
European  and  American  species  is  recognized,  being  emphasized  by  the  statement  on  page  27 
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that  except  for  the  difference  in  matrix  and  mode  of  fossilization  he  could  not  undertake  to 
discriminate  between  some  of  the  species  from  the  two  continents.  This  agrees  with  my  own 
observations  made  while  assembling  a representative  series  of  foreign  species  for  comparison, 
as  is  shown  by  forms  herein  illustrated  on  plate  25. 

Bather’s  studies  upon  the  morphology  of  Pisocrinns  were  very  important,  especially  in 
placing  upon  a logical  basis  the  orientation  of  the  calyx,  which  had  not  theretofore  been 
properly  understood.  Thus  the  relation  of  the  peculiar  large  plate  lying  underneath  the  right 
posterior  and  right  anterior  radials  as  the  radianal  became  clear.  He  recognized  three  de- 
scribed species  in  the  European  Silurian,  and  noted  an  undescribed  species  from  Dudley. 

In  America  eleven  species  have  been  described,  of  which  at  least  one  is  a synonym. 
Certain  of  these  species  are  beautifully  distinct,  so  that  there  is  not  the  least  difficulty  in 
recognizing  them,  even  from  inferior  specimens ; such,  for  example,  as  P.  gcmmiformis  and 
P.  baccula,  occurring  at  the  same  locality  in  the  Laurel  formation,  and  P.  quinquelobus  and 
P.  tennesseensis  of  the  Brownsport ; whereas  P.  campana  is  so  variable  and  widely  distributed 
that  some  varieties  are  easily  confused  with  other  species,  and  one  is  inclined  to  see  among 
them  an  admixture  of  European  forms. 

For  one  of  so  small  and  inconspicuous  a habitus,  this  genus  possesses  some  remarkably 
distinctive  characters.  In  the  unequal  distribution  of  radials,  it  partakes  of  the  singular  type 
of  irregularity  which  characterises  its  family,  as  well  as  the  Calceocrinidae  and  several  other 
monocyclic  genera,  such  as  Heterocrinus,  Haplocrinus,  Mycocrinns,  Catillocrinus,  etc.,  in 
which  two  of  them — and  those  always  the  same,  1.  post,  and  ant. — are  simple,  larger  than  the 
others  and  of  a different  shape,  while  the  other  three  are  transversely  divided  or  much  re- 
duced in  size.  The  projecting  processes  between  the  radial  facets  are  peculiar  to  this  and  a 
few  other  genera  having  narrow,  unbranched  arms ; their  varying  shape  offers  useful  specific 
characters;  the  projections  are  often  built  up  about  equally  from  the  apposed  radials,  in 
which  case  the  interradial  suture  bisects  the  process,  while  in  others  the  division  may  be 
unequal,  or  the  projection  entirely  confined  to  one  of  the  radials. 

The  inequality  and  difference  in  shape  of  the  basals  is  a character  in  which  this  genus 
differs  from  most  other  crinoids,  even  from  those  of  its  own  family. 

The  arms  are  characterized  b}^  a great  length  of  brachials — an  unusual  feature  which 
is  repeated  in  some  of  the  contemporaneous  Calceocrinidae.  This  fact  led  S.  A.  Miller  into 
some  curious  notions  about  the  brachial  appendages  of  Pisocrinus,  he  declaring  with  charac- 
teristic assertiveness  that  they  were  not  arms,  but  something  else  of  unknown  function  for 
which  he  coined  a new  term,  “ arm  blades.”  The  arms  vary  considerably  in  length  in  different 
species;  in  some  it  seems  as  if  they  were  limited  almost  to  a single  brachial,  while  in  others 
they  extend  to  a dozen  or  more.  The  ventral  furrow  in  some  species  is  broad  and  deep, 
fringed  with  side  pieces  so  large  as  to  produce  a considerable  resemblance  to  pinnules  (pi.  24, 
figs.  8,  9) . 

The  structure  of  the  tegmen,  which  was  formerly  misunderstood — certain  isolated,  radi- 
ately  folded,  conical  plates  being  supposed  to  belong  to  it  which  we  now  know  to  be  the  fused 
orals  of  Gazacrinus — has  been  made  clear  by  the  discovery  of  two  specimens  in  which  it  is 
perfectly  preserved,  consisting  of  five  closely  apposed  orals  similar  to  those  of  Syinbathocrinus. 

The  characters  available  for  the  discrimination  of  species  are  for  the  most  part  well 
defined.  They  are ; 

1.  General  form  of  calyx,  whether  a,  conical,  elongate,  or  short  and  wide;  b,  ovoid,  ex- 

panding upward  or  contracting ; c,  globose ; d,  lobed  or  round.  In  some  species  these 
are  constant  and  reliable,  while  in  others  with  a wide  range  of  variation  all  of  the  first 
three  may  be  included. 

2.  Base,  whether  a,  convex  with  small  indented  column-facet ; b,  concave,  broad  and  shal- 

low, or  with  deep,  funnel-shaped  pit ; c,  truncate,  with  column-facet  almost  to  full 
width. 
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3.  Basals,  whether  a,  large,  visible  completely  in  side  view,  or  only  by  points  of  the  larger 

ones ; h,  small,  hidden  at  bottom  of  a deep  cavity. 

4.  Radial  facets,  whether  wide  or  narrow,  plain  or  dove-tailed. 

5.  Processes,  whether  a,  low  and  narrow,  straight;  h,  angular,  widening  upward  or  inward; 

or  c,  high,  spear-head  shape. 

No  discussion  of  the  genus  Pisocrinus  would  be  complete  without  consideration  of  the 
Devonian  forms  from  the  Eifel  described  by  Munster  and  Schultze  ^ as  Triacrimis,  in  which 
the  arrangement  of  calyx  plates  is  the  same,  except  that  it  is  said  to  have  only  three  basals 
instead  of  five.  This  probably  holds  good  for  T.  altus,  but  in  T.  depressns  the  basals  vary 
from  3 to  5 ; and  in  my  specimens  those  with  3 are  rather  more  rare  than  those  with  5.  In 
other  ways  this  species  shows  a considerable  similarity  to  P.  tenncsseensis.  The  tri-partite 
base  of  the  Devonian  genus  is  an  evident  derivative  by  fusion  from  the  5 basals  of  its  Silurian 
ancestor,  and  the  occasional  occurrence  of  4 and  5 basals  a reversion  to  the  older  type.  I am 
giving  a series  of  figures  of  both  species  on  plate  25,  showing  these  facts. 

The  other  member  of  the  family,  Calycanthocrimts,  also  from  the  Devonian,  represents 
a development  of  the  same  plan  of  radial  arrangement  from  Triacrimis  in  the  direction  of 
the  Catillocrinidae,  by  means  of  an  increased  number  of  arm-bearing  segments. 

In  the  description  of  species  of  Pisocrinus  the  terms  “ large  ” and  “ small  ” are  only 
relative,  all  forms  of  the  genus  being  very  small  as  compared  with  crinoids  generally.  The 
figures  on  the  plates  are  mostly  double  size. 

Pisocrinus  gemmiformis  S.  A.  Miller 

Plate  2'^,  figs.  1-8 a 

Pisocrinus  gemmiformis  Miller,  Jour.  Cin.  Soc.  Nat.  Hist.,  1879,  p.  113,  pi.  9,  figs.  6a-c;  17th  Ann.  Rep. 

Indiana  Dep.  Geol.,  1892,  p.  6.36,  pi.  6,  figs.  10-12,  24-25  (adv.  sheets,  1891,  p.  26). — Foerste,  Jour. 

Geol.,  1903,  p.  562. — Slocom,  Field  Columb.  Mus.,  2,  Geol.  Ser.,  1908,  p.  278,  pi.  84,  figs.  1-4. 

A small  species:  diameter  of  maximum  specimen  at  lower  third  of  cup 
6 mm.,  usually  much  smaller,  ranging  down  to  2.5  mm.  Calyx  ovoid,  truncate 
above,  contracting  at  arm-facets;  smaller  specimens  globose.  Base  broadly 
rounded,  with  cavity  for  column  small,  abruptly  sunken.  BB  large,  well  exposed 
in  side  view,  where  the  larger  ones  reach  one  third  the  height  of  calyx.  Radial 
facets  wide;  processes  low,  narrow,  rectangular,  not  widening  inward.  Arms 
short  and  heavy.  Tegmen  arched  by  5 interlocking  orals,  closely  bounded  by 
the  short  first  brachials. 

One  of  the  two  most  characteristic  species  of  the  Laurel  at  St.  Paul,  where  it  occurs  in 
abundance,  mostly  less  than  4 mm.  in  diameter ; the  habitus  is  small,  larger  specimens  being 
tbe  exception.  The  very  low,  narrow  processes  between  the  facets,  coupled  with  the  promi- 
nent basals,  are  the  distinctive  characters.  The  type  of  the  original  description  in  1879  was 
said  to  be  from  the  lower  part  of  the  Niagara  group,  in  Ripley  County,  Indiana,  and  in  that 
of  1891  in  the  17th  Indiana,  the  type  locality  was  given  as  Osgood,  and  the  species  said  to  be 
“ now  known  from  Madison  and  other  places  in  the  Niagara  group  of  Indiana.”  Thus  it 
might  have  been  derived  from  the  Osgood  or  Laurel  formations.  According  to  Foerste 
(Jour.  Geol.,  1903,  p.  562)  it  extends  from  the  Osgood  to  Laurel  in  Tennessee.  Slocom 
identifies  it  in  the  Racine  of  the  Chicago  area,  but  the  altered  condition  of  the  dolomite  speci- 
mens may  prevent  a close  comparison.  It  is  also'  rej^orted  from  the  Bainbridge  limestone  of 


1 Beitrage  z.  Petrefaktenk.,  1839,  p.  3. 
“ Echin.  Eifl.  Kalk.,  1866,  p.  106. 
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Ste.  Genevieve  County,  Missouri.  As  the  first  American  species  of  Pisocrinus  to  be  de- 
scribed, there  is  a tendency  to  identify  as  P.  gemmiformis  any  small,  globose  form,  which 
may  in  some  cases  be  the  younger  stage  of  other  species.  I have  found  this  to  be  the  case  in 
the  Tennessee  collections.  The  one  thing  certain  is  that  the  species  is  characteristic  of  the 
typical  Laurel  formation.  The  oral  plates  are  shown  in  figs.  8,  Sa. 

Horizon  and  locality.  Laurel  formation  and  perhaps  Osgood,  Niagaran  ; St.  Paul,  Osgood, 
Madison,  Indiana,  and  possibly  other  localities  as  noted.  I have  figured  a specimen  from 
Gotland,  plate  25,  figure  13,  which  has  all  the  characters  of  this  species. 

Pisocrinus  baccula  Miller  and  Gurley 
Plate  2^,  figs,  p-13 

Pisocrinus  baccula  Miller  and  Gurley,  Bull.  7,  Illinois  St.  Mus.,  1895,  P-  79.  pb  5.  figs-  23-26. 

A relatively  large  species,  maximum  specimens  5 mm.  high  by  8 mm.  wide. 
Calyx  globose  to  ovoid,  widest  in  lower  third,  contracting  upwards.  RR  and  RA 
curving  sharply  inward,  forming  a broad  triangular  base  by  which  the  calyx 
rests.  BB  almost  wholly  concealed  in  shallow  concavity,  only  points  of  larger 
plates  sometimes  visible  from  side;  outline  of  base  seen  from  below  obtusely 
triangular.  Radial  facets  narrow,  contracting  upwards ; processes  large,  spear- 
head shape.  Arms  longer  than  in  preceding  species. 

The  most  characteristic  species  of  the  Laurel  limestone  at  St.  Paul,  and  not  recognized 
elsewhere.  It  is  associated  with  P.  gemmiformis,  but  whether  in  the  same  layers  cannot  be 
ascertained — presumably  not,  as  the  formation  is  thick,  and  the  material  of  the  quarry  dumps, 
from  which  most  of  the  specimens  are  collected,  is  intermingled  from  different  levels.  It 
differs  from  that  species  in  almost  every  essential  character,  especially  in  the  radial  facets 
and  processes,  and  is  recognizable  at  a glance  in  adult  specimens  from  all  other  species  by  its 
broad,  triangular  base.  It  is  abundant  at  the  type  locality,  and  is  found  in  various  sizes  from 
3 to  8 mm.  in  diameter. 

Horizon  and  locality.  Laurel  formation,  Niagaran ; St.  Paul,  Indiana. 

Pisocrinus  granulosus  Rowley 
Plate  23,  figs.  3/-3P 

Pisocrinus  granulosus  Rowley,  Am.  Geol.,  1904,  p.  269,  pi.  16,  figs.  1-3. 

A medium  sized  species.  Calyx  globose,  contracting  at  the  arm-bases,  about 
as  high  as  wide,  a maximum  specimen  being  5.5  by  6.5  mm.,  smaller  ones  about 
equal.  Base  convex,  with  very  small  column-facet,  sharply  indented;  basals  of 
good  size,  angles  of  largest  ones  visible  from  side  view.  Radial  facets  small, 
dove-tailed;  processes  large,  broadly  rounded,  angular  to  spear-head  shape. 
Surface  smooth  to  granulose,  or  tubercular. 

Professor  Rowley’s  types  were  from  brownish  or  reddish  clays  in  the  Bainbridge  forma- 
tion of  Ste.  Genevieve  County,  Missouri,  associated  with  his  other  species,  P.  spherictis,  and 
some  other  forms,  to  which  there  is  to  be  added  P.  tennesseensis  as  recently  discovered  by 
Dr.  Weller.  Among  my  Tennessee  collections  is  a series  of  specimens  from  red  clays  of  the 
Dixon  formation  at  the  top  of  Safford’s  variegated  bed,  just  below  the  Beech  River.  They 
partake  of  the  color  of  the  matrix,  in  which  they  differ  from  all  the  other  Tennessee  occur- 


76 


SMITHSONIAN  INSTITUTION 


rences ; and  they  undoubtedly  belong  to  the  present  species,  having  the  same  more  or  less 
granulose  surface,  depending  upon  j)reservation,  some  being  exceptionally  tubercular.  My 
figures  on  plate  23  are  made  from  Tennessee  specimens. 

Horizon  and  locality.  Dixon  and  Bainbridge  formations,  Niagaran ; Decatur  County, 
Tennessee,  and  Ste.  Genevieve  County,  Missouri. 

Pisocrinus  campana  S.  A.  ]\Iiller 
Plate  24,  figs.  6-2J 

Pisocrinus  campana  Miller,  17th  Ann.  Rep.  Indiana  Dep.  Geol.,  1892,  p.  642,  pi.  ii,  figs.  4,  5 (adv.  sheets, 
1891,  p.  32). — Pisocrinus  sp.  nndet.,  Wachsmuth  and  Springer,  N.  A.  Crin.  Cam.,  pi.  8,  fig.  10. 

A rather  large  species.  Calyx  bell-shaped,  conical  to  ovoid,  expanding 
upward  to  the  arm-facets;  height  of  typical  specimen  5 mm.,  width  at  base 
3.5  mm.,  at  facets  6 mm.  Base  truncate,  narrow,  with  small  indented  column 
facet.  Basals  large,  extending  well  up  the  sides,  all  five  plainly  exposed.  Radial 
facets  wide;  processes  low,  rather  narrow,  square,  usually  widening  inward, 
rarely  obtusely  angular.  Arms  long,  composed  of  5,  6 or  more  long'  brachials, 
7 mm.  or  more  in  length,  with  sutures  well  defined. 

A widely  di.stributed  species,  variable  in  general  form,  but  with  two  outstanding  charac- 
ters ; the  small  rectangular  processes  and  high  basals,  the  combination  of  which,  especially 
when  reinforced  by  the  expanding  calyx,  offers  good  criteria  for  identification.  The  long 
arms,  as  shown  in  5 specimens,  is  also  a good  character,  in  contrast  to  the  short  appendages 
of  several  other  species.  No  other  species,  excepting  P.  pocillum  of  Gotland,  has  such  uni- 
formly prominent  basals,  which  in  some  cases  rise  to  one  third  the  height  of  the  calyx  at  the 
arm  bases.  In  fact  there  is  a tendency  of  the  angular  basals  to  rise  still  higher  to  a connection 
with  the  shorter  radials,  which  noi'mally  the}^  do  not  touch.  This  has  been  observed  in  many 
specimens,  especially  from  the  type  locality.  The  connection  may  be  established  by  the  down- 
ward extension  of  one  or  more  of  the  short  radials.  This  abnormality,  which  I have  illus- 
trated by  three  figures  on  plate  24,  has  not  been  observed  in  .any  other  species. 

As  stated,  with  the  expanding  and  bell-shaped  forms  the  identification  is  easy,  but  those 
with  a lower  calyx,  ovoid  to  globose,  are  confusing;  if  they  have  fairly  high  basals,  we  may 
call  them  campana,  while  those  with  basals  but  little  visible  will  have  to  go  into  benedicti. 
Thus  there  will  be  an  intermediate  zone  in  which  the  distinction  is  shadowy. 

The  typical  area  for  this  species  is  in  Wabash,  Grant  and  Madison  counties  in  northern 
Indiana,  where  it  is  associated  with  the  other  tv/o  species  described  at  the  same  time,  P.  gorbyi 
and  P.  benedicti.  The  formation  is  a dolomitic  limestone  with  interbedded  clays  or  shale,  in 
which  the  few  species  of  crinoids  chiefly  occur,  thought  to  be  equivalent  to  either  the  Racine 
or  the  Waukesha  formations  of  the  Chicago  area. 

The  material  studied  by  Mr.  Miller  when  describing  these  species  was  collected  by  A.  C. 
Benedict  and  later  acquired  by  me  in  the  Hammell  collection,  including  the  types  of  this  and 
P.  gorbyi.  Specimens  more  or  less  typical,  in  considerable  variety,  but  all  having  the  charac- 
teristic high  basals,  have  been  recognized  in  various  localities  of  the  Tennessee  area,  ranging 
from  the  Laurel  to  the  Lobelville  formations. 

Pisocrinus  campana  is  to  the  American  rocks  what  P.  pilula  is  to  the  European — a pro- 
tean species  which  includes  in  its  variations  the  principal  forms  of  calyx  from  conical  through 
ovoid  to  globose ; to  which  our  species  adds  another  by  expanding  at  the  distal  margin  until 
it  is  bell-shaped.  If  casts  of  specimens  from  the  two  regions  were  intermingled,  some  of  them 
would  be  difficult  to  separate.  Bather’s  observations  in  the  Crinoidea  of  Gotland,  page  30, 
upon  the  various  forms  of  P.  pilula  would  apply  with  equal  force  to  the  present  species,  and 
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his  opinion  as  to  the  probable  identity  of  some  of  them  with  P.  hencdicti  and  some  other 
American  species  will  be  shared  by  every  one  who  has  looked  for  reliable  characters  for  dis- 
tinguishing them  in  our  own  collections. 

Horizon  and  locality.  Dolomites  of  Wabash,  IMarion,  Anderson,  Northern  Indiana; 
Osgood  and  Laurel ; St.  Paul  and  other  localities  in  southern  Indiana.  Laurel  and  Browns- 
port  formations ; Rise  Mill  and  Flatwoods,  Perry  County ; Martin’s  Mill,  Sinking  Creek, 
Wayne  County;  Tuck’s  Mill  and  various  glades  in  Decatur  County,  Tennessee. 


Pisocrinus  benedicti  S.  A.  Miller 
Plate  24.,  figs.  28-36 

Pisocrinus  hencdicti  Miller,  17th  Ann.  Rep.  Indiana  Dep.  Geol.,  1892,  p.  639,  pi.  6,  figs.  13-16  (adv.  sheets, 
1891,  p.  29). — Slocom,  Field  Columb.  Mus.,  2,  Geol.  Ser.,  igo8,  p.  279,  pi.  84,  figs.  8-1 1. 

Any  rather  small,  globose  or  ovoid  form,  expanding  upward,  with  fairly 
wide  radial  facets  and  low,  square  or  slightly  widening  processes,  in  which  the 
basals  are  only  slightly  visible — in  other  words,  which  is  not  campana — may 
be  taken  as  this  species.  To  judge  by  the  material  from  the  type  localities  in 
northern  Indiana  used  by  Mr.  Miller  and  bearing'  his  labels,  it  is  a rather  gener- 
alized form,  without  any  very  distinctive  characters.  I have  referred  to  it  with 
doubt  specimens  from  the  Brownsport  group  in  Tennessee,  with  a considerable 
range  of  variation  in  general  form  from  ovoid  to  oblate.  Slocom  has  recog- 
nized it  in  the  dolomites  of  the  Chicago  area,  and  more  recently  in  MS.  from 
the  Bainbridge  formation  in  Missouri.  None  of  these  identifications  are  made 
with  much  confidence  because  the  species  as  described  is  unsatisfactory. 

Horizon  and  locality.  Dolomites  of  Wabash  and  Madison  counties,  northern  Indiana; 
Brownsport  group  of  Decatur,  Perry  counties,  Tennessee ; Bainbridge  limestone,  Ste.  Gene- 
vieve County,  Missouri. 


Pisocrinus  quinquelobus  Bather 
Plate  23,  figs.  i6-2p 

Haplocrinites  hemisphcricus  Troost,  Am.  Jour.  Sci.,  1849,  P-  -420;  Proc.  Am.  Assn.  Adv.  Sci.,  1850,  p.  61 
(nom.  nud.). — Pisocrinus  gorbyi  (in  part)  Miller,  17th  Rep.  Ind.  Dep.  Geol.,  1892,  p.  640,  pi.  6, 
figs.  21-23. — Pisocrinus  quinquelobus  Bather,  Grin.  Gotl.,  1893,  pi.  27;  Am.  Geol.,  1896,  p.  184. — 
Slocom,  Field  Columb.  Mus.,  2,  Geol.  Ser.,  1908,  p.  280,  pi.  84,  figs.  5-7. — Pisocrinus  milliganae  Miller 
and  Gurley,  Bull.  7,  111.  St.  Mus.,  1896,  p.  80,  pi.  5,  figs.  27,  28.— Miller,  N.  A.  Geol.  Pal.,  2d  App., 
1897,  p.  749,  figs.  1369,  1370.— Foerste,  Jour.  Geol.,  1903,  p.  712.— Wood,  Bull.  64,  U.  S.  Nat.  Mus., 
1909,  p.  28. 

A medium  sized  species,  exceptionally  attaining  a width  of  8 mm.  Calyx 
much  wider  than  high,  measured  from  the  level  of  the  arm-facets,  height  to 
width  of  an  average  specimen  being  3 by  5.5  mm.;  cup  conical,  5-lobed  with 
interradial  depressions,  expanding  upward,  and  the  large  radials  recurving  into 
an  inverted  basal  funnel.  Basals  entirely  hidden  at  bottom  of  funnel,  covered 
by  a narrow  column.  Radial  facets  narrow,  dove-tailed  to  receive  wedge-shaped 
processes;  processes  very  large  spear-head  shape,  sometimes  petaloid.  Arms 
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short,  with  not  over  two  or  three  long  brachials  beyond  the  first  short  one,  taper- 
ing to  a pointed  apex. 

This  is  the  most  common  species  of  the  Tennessee  area,  occurring  by  the  hundreds  at 
various  localities  in  the  Brownsport  group.  It  is  what  Miller  and  Gurley  undertook  to  de- 
scribe as  P.  mUliganae,  but  they  entirely  missed  the  prime  character  of  the  hidden  basals,  by 
which  alone  it  is  distinguished  from  P.  gorbyi,  and  which  it  shares  with  P.  sphericus  of 
Rowley.  Although  the  authors  declare  emphatically  that  their  species  has  “ large  basals,  seen 
in  side  view  even  plainer  than  in  P.  gorbyi/’  this  does  not  appear  in  their  figures ; and  the 
type  specimens,  formerly  in  the  collection  of  Mrs.  Milligan  and  now  in  my  possession,  show 
the  large  radials  recurving  deep  into  the  basal  pit.  It  is  a singular  fact  that  it  should  have 
remained  for  a foreign  author,  purely  in  an  incidental  way,  to  give  the  valid  name  to  the 
most  abundant  of  all  the  Pisocrinus  species ; but  Bather’s  description  is  perfectly  correct,  and 
will  hold. 

The  characters  are  distinctive,  as  appears  by  several  figures  on  plate  23  showing  the 
form  in  all  stages,  especially  the  exact  location  and  minute  size  of  the  basals  as  seen  in  the 
fractured  cross-section  at  figure  29.  The  great  size  and  deep  undercutting  of  the  spear-head 
processes  is  a striking  feature  of  this  species.  In  some  specimens,  such  as  figure  18,  they  are 
almost  as  high  as  the  remaining  portion  of  the  cup,  and  in  general  they  occupy  over  a third 
the  total  height  of  the  cup  measured  to  their  angular  points. 

The  wealth  of  material  in  hand  affords  full  information  regarding  the  arms,  of  which 
I figure  4 specimens.  All  exhibit  the  same  elongated  brachials,  with  a tendency  to  a decided 
taper.  Aside  from  its  typical  region  in  Tennessee,  the  species  has  been  recognized  sparsely  in 
Missouri  and  Illinois. 

Horizon  and  locality.  Brownsport  group  of  the  Niagaran.  Collected  in  all  glades  in 
Decatur  County,  and  in  excavations  at  4 different  localities  along  Beech  River,  and  at  6 other 
localities  in  Perry  and  Wayne  counties,  Tennessee.  In  collections  from  the  glades  there  may  be 
some  intermingling  with  P.  sphericus,  but  wherever  quinquelobus  was  found  in  place  it  did 
not  intergrade  from  lobate  to  round.  Also  in  the  Bainbridge  limestone,  Ste.  Genevieve 
County,  Missouri,  and  Racine  dolomite  of  the  Chicago  area.  In  the  sunken  basals  this  species 
finds  a parallel  in  P.  ollula  of  Gotland,  as  shown  by  figures  8,  9,  10  of  plate  25. 

Pisocrinus  gorbyi  S.  A.  Miller 
Plate  23,  figs.  40-43 

Pisocrinus  gorbyi  Miller,  17th  Ann.  Rep.  Indiana  Dep.  Geol.,  1892,  p.  640,  pi.  6,  figs.  17-20  (adv.  sheets, 
1891,  p.  30)  ; N.  A.  Geol.  Pal.,  ist  App.,  1892,  p.  681,  fig.  1243. — Rowley,  Am.  Geol.,  1904,  p.  269, 
pi.  16,  figs.  4-7. 

A small  species.  Similar  to  P.  quinquelobus  except  that  the  basals,  instead 
of  being  hidden  in  a cavity,  form  a triangle,  partly  occupying  a shallow  depres- 
sion, and  are  more  or  less  visible  in  a side  view.  Radial  facets  rather  narrow ; 
processes  large,  lance-head  shape.  Surface  usually  smooth,  perhaps  sometimes 
tubercular. 

Miller  described  under  this  species  specimens  from  two  remote  areas,  northern  Indiana 
and  western  Tennessee,  which  agreed  in  having  a lobate  calyx.  The  Tennessee  specimens  were 
afterwards  separated  by  Miller  and  Gurley  under  the  name  P.  mUliganae,  which  they  pro- 
posed for  the  prolific  species  already  named  by  Bather  F.  quinquelobus.  The  original  descrip- 
tion holds  good  for  the  Indiana  form,  which  is  fairly  common  at  its  type  locality.  It  is  readily 
distinguished  from  the  other  two  species  of  that  area  by  its  lobed  calyx,  and  it  is  important 
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to  note  that  the  basals  are  visible  from  a side  view,  which  is  the  only  character  that  separates 
it  from  the  Tennessee  form.  This  appears  in  Mr.  Miller’s  figure  i8,  which  is  confirmed  by 
the  type  specimen,  now  in  my  possession.  With  it  are  about  20  others  from  the  Benedict  col- 
lection, in  several  of  which  this  character  is  shown,  so  that  it  may  be  accepted  as  reliable, 
although  in  the  majority  of  specimens  as  found  the  basal  plates  cannot  be  made  out. 

The  species  has  been  recognized  at  two  localities  in  Tennessee  in  the  upper  part  of  the 
Brownsport  group,  and  in  the  Bainbridge  limestone  of  Missouri. 

Horizon  and  locality.  In  dolomite  of  Wabash  and  Madison  counties.  Northern  Indiana; 
Lobelville  formation;  Flatwoods  and  Rise  Mill,  Perry  County,  Tennessee;  Bainbridge  lime- 
stone ; Ste.  Genevieve  County,  Missouri. 

Pisocrinus  sphericus  Rowley 
Plate  2S,  figs.  30-36 

Pisocrinus  sphericus  Rowley  (P.  glohosusf  Ringueberg),  Am.  Geol.,  No.  34,  1904,  p.  270,  pi.  16,  figs.  8,  9. 

Similar  to  P.  quinquelohus  in  having  the  same  minute  basals,  hidden  at 
the  bottom  of  a deep  cavity,  and  very  large  lanceolate  processes ; but  with  calyx 
globose  in  contour  instead  of  lobate,  not  expanding  upward,  and  perfectly  round 
as  seen  from  above  or  below.  The  distinction  between  the  two  forms  is  sup- 
ported by  ample  evidence,  and  in  about  60  specimens  of  this  species  from  a 
single  locality,  ranging  from  small  to  maximum  size,  there  is  no  tendency  to  a 
lobate  form.  In  Tennessee  it  occurs  chiefly  in  the  uppermost  beds  of  the  Beech 
River  formation,  probably  passing  up  into  the  Lobelville;  its  horizon  is  usually 
different  from  that  of  quinquelohus.  It  also  occurs  in  the  Bainbridge  formation 
of  Ste.  Genevieve  County,  Missouri,  from  which  Rowley  figured  it  with  doubt 
as  P.  globosus  of  Ringueberg,  but  added  tentatively  a name  of  his  own,  which 
will  stand. 

Horizon  and  locality.  Brownsport  formation,  Niagaran ; clays  at  top  of  the  Beech  River, 
and  base  of  Lobelville ; near  Rise  Mill,  Perry  County,  and  in  Decatur  and  Wayne  counties, 
Tennessee.  Bainbridge  formation ; Ste.  Genevieve  County,  Missouri. 

Pisocrinus  tennesseensis  (Roemer) 

Plate  24,  figs.  1-3 

Symbathocrinus  tennesseensis  Roemer,  Sil.  Fauna  Westl.  Tennessee,  i860,  pi.  4,  figs.  6a,  b. — Wood,  Bull.  64, 
U.  S.  Nat.  Mus.,  1909,  p.  26. — Bassler,  Bibliogr.  Index,  1915,  p.  1249. — Pisocrinus  tennesseensis 
Wachsmuth  and  Springer,  Rev.  Pal.,  3,  1886,  pp.  166,  174. 

Attaining  a large  size — the  largest  known  species.  Calyx  conical,  usually 
wider  than  high.  Column  facet  large,  shallow,  sharply  indented,  leaving  a thin 
rim  at  the  margin.  Base  broadly  truncate;  basals  almost  entirely  confined  to 
the  column  facet,  only  a small  point  of  one  occasionally  seen.  Radial  facets  very 
wide,  narrowing  inwards ; processes  flat  above,  remarkably  narrow  at  the  con- 
nection with  the  radials,  and  widening  both  inward  and  upward,  giving  the 
effect  of  a mortise  or  dove-tailed  union  with  the  facets.  They  are  so  much  under- 
cut that  it  is  difficult  to  remove  the  matrix  without  prying  them  off.  Specimens 
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are  usually  large,  small  ones  rarely  seen;  maximum  calyx  6 mm.  high  at  arm 
facets,  9 mm.  wide  at  that  level  and  5 mm.  wide  at  the  base.  Arms  unknown. 

This  is  a very  characteristic  species  of  the  Brownsport  group  of  Tennessee ; is  widely 
distributed,  occurring  at  numerous  localities  and  ranging  through  several  formations.  It  has 
lately  been  discovered  by  Dr.  Weller,  with  thoroughly  representative  specimens,  in  the  Bain- 
bridge  limestone  of  Missouri.  While  nowhere  abundant,  it  is  well  represented  in  the  collec- 
tions, and  is  remarkably  constant  in  its  characters.  The  only  species  at  all  resembling  it  is 
Triacrinus  depressus  of  the  Eifel  Devonian,  through  which  the  evident  succession  of  the 
two  genera  can  be  readily  traced,  specimens  of  it  showing  variations  of  3 to  5 basals. 

Pisocriniis  tennesseensis  is  not  listed  in  Bassler’s  Bibliographic  Index,  nor  was  it  recog- 
nized by  Miss  Wood  in  the  Troost  Monograph,  being  reported  in  both  under  Roemer’s  name 
Symbathocrinus,  notwithstanding  Wachsmuth  and  Springer  in  part  3 of  their  Revision,  had 
in  two  places  definitely  referred  the  species  to  Pisocriniis. 

Horizon  and  locality.  Dixon  beds  and  through  the  Brownsport,  Niagaran.  At  four 
localities  along  Beech  River  in  Decatur  County,  at  Martin’s  Mill  and  another  locality  in 
Wayne  County,  and  one  in  Perry  County,  Tennessee.  Also  Bainbridge  limestone,  Ste.  Gene- 
vieve County,  Missouri. 


Pisocrinus  pyriformis  (Ringueberg) 

Plate  24,  fig.  37 

Triacrinus  pyriformis  Ringueberg,  Proc.  Acad.  Nat.  Sci.  Phil.,  1884,  p.  145,  pi.  3,  fig.  i. 


Pisocrinus  globosus  (Ringueberg) 

Plate  24,  fig.  38 

Triacrinus  globosus  Ringueberg,  Proc.  Acad.  Nat.  Sci.  Phil.,  1884,  p.  146,  pi.  3,  fig.  2. — Pisocrinus  globosus 
S.  A.  Miller,  N.  A.  Geol.  Pal.,  1889,  p.  269. — Rowley,  Am.  Geol.,  1894,  P-  270,  pi.  16,  figs.  8,  9. 

These  two  species,  from  the  Clinton  of  Lockport,  New  York,  bear  a close  relation  to 
some  of  the  western  forms  and  are  occasionally  identified  as  occurring  in  that  area;  I am 
therefore  figuring  the  type  specimens  for  comparison. 

Pisocrinus  pilula  De  Koninck 
Plate  23,  figs.  i-6 

Bather,  Crinoidea  of  Gotland,  1893,  p.  27,  for  full  synonymy. 

A series  of  figures  of  this  protean  species  from  the  Wenlockian  of  Gotland  and  England 
is  given  for  comparison  with  our  P.  campana.  Also  for  comparison  with  other  American 
species,  P.  olliila  Angelin,  figures  7-10;  P.  pocillmn  Angelin,  figures  ii,  iia  ; both  from 
Gotland  and  fully  described  in  Bather’s  work ; and  two  specimens  of  undescribed  species 
from  Dudley,  England,  figures  12,  12a  and  13-14. 


PISOCRINIDAE 


8l 


ZOPHOCRINUS  S.  A.  Miller 
Plate  25 

Zophocrinus  Miller,  17th  Ann.  Rep.  Indiana  Dep.  Geol.,  1892,  p.  642  (adv.  sheets,  1891,  p.  32). — Weller, 

Bull.  Chicago  Acad.  Sci.,  4,  1900,  p.  152,  fig.  57.— Bather,  Treatise  on  Zooh,  pt.  3,  1900,  p.  151, 

fig.  63. — Slocom,  Field  Columb.  Mus.,  2,  Geol.  Ser.,  1908,  p.  284,  fig.  5. — Zittel-Eastman,  Textb.  Pal., 

2d  ed.,  1913,  p.  158. — Bassler,  Bibliogr.  Index,  1915,  p.  I339- 

Monocyclic.  Calyx  elongate  pyriform;  BB  3,  large,  2 ecjual  and  one  larger ; 
RR  4,  the  one  on  the  posterior  side  larger  than  the  others,  probably  representing 
r.  and  1.  post.  RR  fused.  Tegmen  solid,  composed  of  5 spade-shaped  orals,  inter- 
locking at  the  center  and  extending  outward  narrower  to  the  periphery,  where 
they  connect  with  the  radials;  post,  oral  the  largest,  pushed  in  between  the  points 
of  the  other  four;  five  groups  of  narrow  plates  resembling  brachials,  usually 
three  in  each  group,  closely  united,  two  meeting  behind  the  third,  lie  between 
the  peripheral  extensions  of  the  orals;  they  spring  from  the  radials  and  their 
distal  ends  are  marked  by  fossae,  indicating  articular  facets  for  slender  arms. 
Surface  smooth.  Column-facet  small.  Specimens  small,  ranging  from  5 mm. 
high  to  a maximum  of  10  mm. 

Genotype.  Zophocrinus  howardi  S.  A.  Miller. 

Distribution.  Niagaran ; America ; not  observed  in  Europe. 

Chiefly  known  from  the  type  species,  from  which  the  characters  of  the  genus  are  taken ; 
it  occurs  typically  in  the  Laurel  limestone,  at  St.  Paul,  Indiana,  but  has  been  found  in  Ten- 
nessee, and  two  species  have  been  described  from  the  Chicago  area. 

This  singular  form  is  remarkable  for  the  fact  that  whereas  the  dorsal  cup  is  composed 
above  the  base  of  four  radial  elements,  evidently  formed  by  fusion  of  two  from  the  primi- 
tive five,  the  tegmen  is  constructed  strictly  on  the  quinqueradiate  plan,  with  5 large  orals 
meeting  toward  the  center  like  those  of  Haplocrinns ; but  unlike  the  latter  connecting  with 
the  dorsal  cup  by  extensions  of  a different  shape,  between  which  are  groups  of  narrow  plates 
supposed  to  be  brachials.  These  groups,  while  connecting  with  the  4 large  radials,  do  not 
seem  to  stand  in  any  definite  relation  to  them,  as  they  do  not,  except  occasionally,  spring  from 
their  middle.  Hence  it  would  seem  that  the  disturbance  in  radiation  internally  was  greater 
than  would  be  caused  by  a simple  fusion  of  two  radials,  as  in  that  case  there  should  be  a 
group  of  brachials  from  the  middle  of  each  of  the  three  equal  original  radials,  and  two  from 
the  larger  one.  The  anal  opening  is  not  always  distinctly  shown,  but  seems  to  lie  closely 
alongside  the  peripheral  extension  of  the  posterior  oral ; apparently  this  does  not  always  coin- 
cide with  the  larger  radial. 

Now  it  happens  that  the  essential  structures  by  which  Zophocrinus  differs  so*  markedly 
from  other  crinoids  are  found  in  the  Devonian  genus  Tiaracrinus  from  the  Eifel.  This  was 
described  by  Schultze  in  1867  (Mon.  Echin.  Eifl.,  p.  226,  pi.  13,  fig.  8)  from  a single  species, 
T.  quadrifrons,  but  with  a complete  misconception  of  its  characters.  The  tegmen  with  its 
border  of  narrow  marginal  plates  he  mistook  for  a stem  segment,  and  figured  his  specimen 
upside  down,  so  that  the  small  cavity  for  the  column-facet  was  conceived  to  be  the  tegminal 
opening  where  the  calyx  plates  almost  came  together.  This  fact  was  noted  by  Zittel  in  1879  ^ 
and  has  been  further  mentioned  by  Oehlert  in  connection  with  the  description  of  a new 
species,  T.  soyei.^ 


1 Handb.  Pal.,  i,  p.  425. 

2 Bull.  Geol.  Soc.  France,  Ser.  3,  1882,  p.  359. 


82 


SMITHSONIAN  INSTITUTION 


I have  given  on  plate  25,  figures  27-27C,  careful  figures  of  the  specimen  used  by  Schultze 
as  the  type,  to  show  the  remarkable  parallelism  with  Zophocrinus.  The  two  forms  differ 
widely  in  certain  details.  Tiaracrinus  has  a very  small,  concave  base,  apparently  of  3 plates, 
and  the  surface  of  the  cup  is  covered  by  4 series  of  sharp,  transverse  folds  passing  from 
one  radial  to  another,  ending  in  deep  pits  forming  vertical  rows  separated  by  a wide  groove 
along  the  middle  of  each  radial — in  contrast  to  the  perfectly  smooth  surface  of  Zophocrinus. 
The  cup  has  4 unequal  radials,  but  instead  of  the  posterior  one  being  largest,  it  is  sometimes 
the  smallest. 

But  the  solid  tegmen  is  constructed  on  precisely  the  same  principle  as  that  of  Zopho- 
crinus, being  composed  of  5 orals  meeting  at  the  center  and  interlocking,  with  extensions  or 
connections  reaching  to  the  periphery  between  which  are  5 groups  of  extremely  narrow 
plates,  presumably  brachials,  springing  from  the  radials  and  forming  with  the  interposed 
oral  extensions  a conspicuous  border  around  the  margin.  Instead  of  3 to  a group,  the  number 
of  brachials  here  is  ii  or  12,  and  they  do  not  coincide  in  position  with  the  radials.  Thus  the 
4 radials,  quinquepartite  tegmen,  and  the  peripheral  border  of  narrow  brachials,  are  the 
essential  characters  common  to  the  two  forms.  The  enlarged  figure  of  this  tegmen  on  plate  25 
shows  some  indefinite  small  plates  at  the  outer  angles  of  the  orals  which  are  not  understood. 
As  the  structures  are  preserved  in  this  unicpie  specimen,  some  of  the  sutures  are  obscure,  and 
these  small  plates  are  not  to  be  depended  on. 

The  interpretation  of  the  peripheral  border  of  narrow  plates  in  Zophocrinus  has  been 
somewhat  of  a puzzle.  Those  of  Tiaracrinus  represent  the  same  element  without  doubt,  the 
only  difiference  being  their  greater  number,  amounting  to  55  or  60  instead  of  about  15.  That 
they  are  brachials,  in  view  of  their  form,  and  position  relative  to  the  radials,  seems  highly 
probable,  and  Bather’s  suggestion  that  they  may  be  compared  with  the  arms  of  Catillocrinus 
accords  with  my  own  view.  In  both  cases  there  would  be  the  unusual  feature  of  several  arms 
originating  upon  a single  radial,  and  in  the  Catillocrinidae  we  have  a range  in  number  of 
arms — from  12  to  57 — similar  to  that  in  the  two  genera  under  consideration,  viz.:  15  to  55 
or  60.’-  The  distinct  presence  of  fossae  upon  the  distal  face  of  the  brachials  in  Zophocrinus 
indicates  that  they  must  have  borne  articulated  arms. 

As  to  the  systematic  position  of  these  genera  Bather  and  Jaekel  are  in  substantial  agree- 
ment, placing  Zophocrinus  among  the  Monocyclic  Inadunata,  Avhile  referring  Tiaracrinus  to 
the  Cystidea  (Lankester  Zook,  1900,  pp.  151,  20;  Phylogenie  und  System,  1918,  pp.  89,  99), 
the  latter  based  upon  the  belief  that  the  rows  of  pits  up  and  down  the  middle  of  the  radials 
represent  pore-rhombs.  There  is  no  suggestion  of  pores  on  the  smooth  surface  of  Zophocrinus 
to  call  for  a reference  to  the  cystids,  and  the  remarkable  identity  in  essential  calyx  structure 
would  seem  to  preclude  placing  the  two  genera  in  different  divisions  of  echinoderms.  It  may 
be  that  the  extreme  specialization  of  the  tegmen  and  arms  common  to  the  two  is  an  indepen- 
dent development,  but  it  seems  more  reasonable,  and  in  better  accord  with  the  facts  as  now 
disclosed,  to  regard  them  both  as  aberrant  crinoids,  in  some  way  related,  and  modified  from 
the  Silurian  to  the  Devonian. 

Zophocrinus  howardi  S.  A.  Miller 
Plate  25,  figs,  ig-26 

Zophocrinus  howardi  S.  A.  Miller,  17th  Ann.  Rep.  Indiana  Dep.  Geol.,  1892,  p.  642  (adv.  sheets,  1891, 
P-  33).  Ph  6,  figs.  26-28;  N.  A.  Geol.  Pal.,  ist  App.,  1892,  p.  683,  fig.  1254. — Weller,  Bull.  Chicago 
Acad.  Sci.,  4,  pt.  i,  1900,  p.  152,  pi.  15,  fig.  13. — Bather,  Treatise  on  Zool.,  pt.  3,  1900,  p.  151,  fig.  63. — 
Graban  and  Shimer,  N.  A.  Index  Foss.,  2,  1910,  p.  474,  fig.  1785. 

Type  of  the  genus.  The  characters  are  fully  stated  in  the  general  remarks. 
The  species  is  rather  abundant  at  the  type  locality,  St.  Paul,  Indiana,  but  speci- 


1 Springer,  On  the  family  Catillocrinidae,  Smithsonian  Misc.  Coll.,  vol.  76,  1923,  p.  20. 
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mens  showing  the  structure  of  the  tegiiien  and  marginal  brachials  clearly  are 
rare.  The  foregoing  description  is  made  from  twelve  specimens  in  which  the 
groups  of  three  brachials  and  the  interposed  orals  are  distinctly  shown.  In 
these  small  specimens  the  sutures  in  the  tegmen  are  usually  rather  obscure. 
Mr.  Chapman’s  enlarged  figure  22  on  plate  25  was  made  many  years  ago  after 
a careful  study  of  two  well  preserved  specimens.  A specimen  subsequently  ac- 
quired, figures  21,  2ia,  having  the  oral  plates  slightly  parted,  confirms  the 
original  figure  in  every  particular.  The  species  ranges  in  size  from  5 to  10  mm. 
height  to  the  top  of  the  radials ; the  latter  figure  is  rare,  the  usual  height  being 
from  6 to  8 mm. 

Horizon  and  locality.  Laurel  limestone ; St.  Paul  and  Greensboro,  Indiana ; and  Beech 
River  formation;  Flatwoods,  Perry  County,  Tennessee;  perhaps  Racine  dolomite;  Lemont, 
Illinois. 

Zophocrinns  glohosus  Slocom,  Field  Columb.  Mus.,  Geol.  Ser.  2,  1908,  p.  285,  pi.  85, 
figs.  15-19,  from  near  Lemont,  Illinois,  and  Zophocrinns  pyriformis  Slocom,  ibid.,  page  285, 
plate  85,  figures  12-14,  from  Romeo,  Illinois,  are  both  referred  to  the  Racine  division  of  the 
Niagaran. 


MYSTICOCRINUS  Sp  ringer 
Plate  26 

springer,  Amer.  Jour.  Sci.,  46,  1918,  p.  666. 

Calyx  globose,  rigid,  with  no  indication  of  loose  suture  or  flexibility;  lower 
brachials  do  not  take  part  in  calyx  wall.  Dicyclic;  IBB  3,  the  small  plate  in 
r.  post,  position.  RA  in  primitive  position  below  r.  post.  R.  being  the  lower 
segment  of  that  radial,  which  (and  no  other)  is  compound.  RR  unequal,  with 
lateral  processes  projecting  between  arm-bases;  facets  curved  and  excavated, 
not  filling  distal  face  of  radials.  Anal  plate  i,  large,  angular  above,  projecting 
above  level  of  radials ; opening  unknown.  Arms  uniserial,  branching  once,  com- 
posed of  only  a few  brachials.  Tegmen  narrow,  probably  covered  by  a pyramid 
of  orals  as  in  Pisocrinits  and  S ymbathocriniis . 

Genotype.  Mysticocrinus  wilsoni  Springer. 

Distribution.  Silurian ; not  known  outside  of  America. 

This  diminutive  crinoid,  described  by  me  in  1918  from  a very  perfect  specimen,  and  of 
which  a fragment  of  another  slightly  larger  is  known,  is  of  a wholly  novel  type,  with  such  a 
complex  assemblage  of  characters  that  its  systematic  position  is  uncertain.  It  is  an  Inadunate, 
superficially  resembling  the  Larviformia,  and  upon  a preponderance  of  characters  coming 
nearer  to  that  group  than  to  any  other.  The  primitive  radianal  is  against  it,  and  the  dicyclic 
base  also,  although  the  latter  may  fall  within  an  admitted  exception.  It  would  seem  to  be 
intermediate  between  the  Larviformia  and  the  Fistulata ; in  the  primary  composition  of  the 
cup,  especially  in  the  radianal  under  the  right  posterior  radial,  it  is  similar  to  the  Dendro- 
crinidae,  although  wholly  unhke  them  in  the  dwarfed  arms  and  interbrachial  processes,  both 
of  which  are  Larviformia  characteristics.  The  3 IBB,  with  small  plate  at  right  posterior,  is  a 
character  of  the  Flexibilia,  from  which  it  is  excluded  on  other  grounds. 
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Aside  from  this  combination  of  general  characters,  the  most  striking  feature  is  the  in- 
equality of  the  radials,  and  the  distribution  of  the  processes  on  radial  and  anal  plates  in  such 
a way  that  there  is  an  arrow-head  projection  between  the  arm-bases  in  every  interbrachial  area. 
Processes  analogous  to  these,  of  various  shapes,  are  characters  of  Pisocriniis. 

Mysticocrinus  wilsoni  Springer 
Plate  26,  figs.  la-g 

Springer,  Amer.  Jour.  Sci.,  46,  1918,  p.  666,  pi.  ii,  figs.  1-8. 

Calyx  very  small,  the  size  of  small  Pisoerinus , about  2.7  mm.  height  and 
width  of  type,  with  but  little  height  added  by  the  infolding  arms;  flattened  be- 
low, strongly  constricted  at  the  arm-bases.  IBB  forming  a shallow  saucer,  ex- 
ternally concave,  the  smaller  r.  post,  plate  being  more  than  one  fifth  the  area 
of  the  pentagon.  BB  strongly  convex,  bent  outward  and  upward,  forming  about 
one  third  the  height  of  the  cup ; post.  B heptagonal,  wider  than  high,  subangular 
below,  truncate  above;  r,  post,  and  r.  ant.  BB  hexagonal,  the  other  two  pen- 
tagonal. RA  pentagonal,  truncate  above  to  meet  r.  post.  R,  and  beveling  the 
lower  corner  of  anal.  Anal  a:  very  large,  sagittaeform,  higher  than  wide,  beveled 
laterally  by  the  RA;  apex  acuminate,  rising  almost  to  the  height  of  first  secundi- 
brachs ; offsets  of  arrow-head  resting  upon  and  interlocking;  with  shoulders  of 
post.  RR. 

RR  unequal  and  differing  in  shape;  angular  processes  project  nearly  as 
high  as  the  anal  between  the  arm-bases  from  three  of  the  RR,  viz.,  at  one 
(outer)  side  of  each  posterior  and  at  both  sides  of  the  anterior  R,  while  the 
laterals  have  none;  each  process  has  an  offset  like  those  of  the  anal  interlocking 
with  adjacent  RR.  Radial  facets  deeply  curved,  occupying  a median  position 
except  on  the  tAvo  post  RR,  in  Avhich  the  single  outer  processes  occupy  about 
one-half  the  distal  width  of  the  plate  and  the  facets  tOAvard  the  posterior  side 
the  remaining  half.  Ant.  R.  the  largest  plate  in  the  cup ; it  and  the  two  post.  RR 
Aviden  upAvards,  while  the  tAvo  lateral  RR  correspondingly  diminish  in  Avidth, 
and  by  reason  of  the  absence  of  processes  are  shorter  than  the  former ; the  R. 
post.  R is  the  smallest,  although  Avith  the  RA  added  it  is  about  equal  to  and 
slightly  longer  than  1.  post.  R.  Arms  unequal,  uniserial,  branching  once,  infold- 
ing and  apparently  very  short;  the  tAvo  post,  and  probably  the  ant.  arms  have 
2 IBr,  Avhile  the  laterals  seem  to  have  but  one;  the  axillaries  are  folloAved  by 
series  of  3 or  more  subquadrangular  brachials  Avhich  taper  gradually.  Anus 
and  tegmen  unknoAvn.  Stem  circular. 

Horizon  and  locality.  Laurel  limestone,  at  top  of  chert;  St.  Paul,  Indiana. 
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Suborder  FISTULATA  Wachsmuth  and  Springer 

Monocyclic  or  dicyclic.  Posterior  interambulacrum  usually  more  or  less 
extended  into  a strongly  plated  anal  tube  or  sac.  Arms  pinnulate  or  non- 
pinnulate,  usually  uniserial,  but  biserial  in  some  of  the  later  genera.  Tegmen 
composed  of  numerous  plates,  either  orals  with  supra  tegminal  ambulacra  pass- 
ing over  their  edges,  and  interambulacra,  or  more  or  less  undififerentiated  plates. 


Family  HETEROCRINIDAE  Zittel 

Monocyclic.  Basals  five.  One  or  more  of  radials  compound.  Anal  x 
usually  resting  on  left  shoulder  of  r.  post.  R,  supporting  a tube.  Arms  five, 
non-pinnulate,  uniserial,  dichotomous  or  heterotomous,  or  may  bifurcate  with 
ramules;  proximal  IBr  usually  full  width  of  RR.  Tegmen  little  known. 

MYELODACTYLUS  Hall 

Plate  2^ 

Myelodactylus  Hall,  Pal.  New  York,  2,  1852,  p.  191. — Anselin,  Icon.  Crin.  Suecc.,  1878,  p.  ii. — Wachsmuth 
and  Springer,  Rev.  Pal.,  i,  1879,  p.  146. — Weller,  Bull.  Chicago  Acad.  Sci.,  4,  1900,  pp.  45,  68. — 
Springer,  Unusual  forms  of  Fossil  Crinoids,  Proc.  U.  S.  Nat.  Mus.,  vol.  67,  1926,  pp.  3-32,  pis.  1-6. 
Herpetocrinus  Salter,  Catal.  Camb.  Sil.  Foss.,  1873,  p.  118. — Bather,  Crin.  Goth,  1893,  p.  36,  te.xt-fig.  12, 
pi.  I,  figs.  24-77;  Amer.  Geol.,  1895,  p.  214;  Nat.  Sci.,  12,  i8g8.  p.  339;  Treatise  on  Zocl.,  3,  1900,  p.  146, 
fig.  49. — Zittel-Eastman,  Textb.  Pal.,  2d  ed.,  1913,  p.  212. — Bassler,  Eibliogr.  Index,  1915,  p.  844. — 
Thomas,  Proc.  Iowa  Acad.  Sci.,  26,  1919,  p.  481. 

An  Inadunate  crinoid  with  coiled  stem,  more  or  less  completely  enveloping 
the  crown,  circular  in  proximal  region;  bilaterally  symmetric,  elliptic  or  sub- 
crescentic  in  middle  and  distal  regions ; with  two  rows  of  cirri  along  the  margins 
or  back  of  the  bilateral  part.  Crown  similar  to  that  of  locrinus. 

Genotype.  Myelodactylus  convolutus  Hall. 

Distribution.  Silurian  to  Lower  Devonian ; America,  England,  Gotland. 

Having  recently  in  the  paper  on  “ Unusual  Forms  of  Fossil  Crinoids,”  above  cited,  dis- 
cussed this  remarkable  form  and  its  congeners  at  considerable  length,  with  descriptions  and 
illustrations  of  the  known  American  species,  it  is  unnecessary  to  go  into  details  concerning  it 
here.  Inasmuch,  however,  as  some  of  the  most  important  of  the  new  material  belongs  to  the 
Tennessee  fauna  under  consideration,  and  for  completeness  must  be  given  a place  in  this 
work,  it  has  been  thought  best  to  reproduce  a selection  from  the  principal  figures,  assembled 
upon  a single  plate  the  better  to  show  at  a glance  the  variety  and  range  of  this  greatly  special- 
ized genus.  To  this  end  a list  of  the  species  as  figured  will  be  given  with  a brief  resume  of  the 
salient  characters,  while  for  more  complete  information  the  reader  is  referred  to  the  paper 
alluded  to. 
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Myelodactylus  ammonis  (Bather) 

Plate  2^1,  figs,  i-ga 

Herpetocrinus  ammonis  Bather,  Crin.  Goth,  1893,  p.  49,  pi.  2,  figs.  54-63. — Myelodactylus  ammonis  Springer, 
Unusual  Forms,  1926,  p.  10,  pi.  2,  figs.  1-9. 

Coil  very  close;  stem  short,  tapering  to  a point;  cirri  short,  alternating 
from  broad  end  of  successive  columnals. 

Beech  River  formation;  Decatur  County;  and  Waldron  shale;  Newsom,  Tennessee. 
M.  gorhyi  Miller  and  Gurley,  17th  Rep.  Indiana  Dep.  Geol.,  1891,  p.  72,  from  near  Nashville, 
Tennessee,  is  too  indefinite  for  comparison. 


Myelodactylus  convolutus  Hall 

Plate  2j,  figs.  6-8 

Myelodactylus  convolutus  Hall,  Pal.  New  York,  2,  1852,  p.  192,  pi.  45,  figs.  5,  6. — 'Springer,  Unusual  Forms, 
1926,  pp.  8,  16,  pi.  I,  figs.  1-8. — Herpetocrinus  convolutus  Bather,  Crin.  Goth,  1893,  p.  48,  ph  2, 

figs.  50-53. 

Coil  open  and  broadly  convolute  distalwards;  stem  long;  columnals  short, 
quadrangular,  uniform ; cirri  flat,  regularly  paired  on  successive  columnals. 

Rochester  shale;  Lockport,  New  York;  Laurel  limestone,  St.  Paul,  Indiana;  and  other 
Silurian  horizons  and  localities.  M.  bridgcportensis  S.  A.  Miller,  Jour.  Gin.  Soc.  Nat.  Hist., 
1880,  p.  141,  figs.  2a-e,  from  the  Racine  dolomite,  and  Eomyelodactylus  rotimdatus  Foerste, 
Bull.  19,  Sci.  Lab.  Dennison  Univ.,  1919,  p.  19,  pi.  i,  fig.  8,  pi.  2,  fig.  3 are  thought  to  belong 
to  this  species. 


Myelodactylus  brevis  Springer 
Plate  2^,  figs,  g,  ga 

springer.  Unusual  Forms,  1926,  p.  10,  figs.  9,  9a. 

Like  eonvolutus , but  with  coil  close  and  stem  short,  tapering  to  a point. 

Beech  River  formation;  Decatur  County,  Tennessee. 


Myelodactylus  fletcheri  (Salter) 

Plate  21,  figs.  lo,  loa,  b 

Herpetocrinus  fletcheri  Salter,  Catah  Camb.  Sih  Foss.,  1873,  p.  118. — Bather,  Crin.  Goth,  1893,  p.  46,  ph  i, 
figs.  34-49,  and  p.  182,  under  fig.  38. — Myelodactylus  fletcheri  Springer,  Unusual  Forms,  1926,  p.  10, 
ph  I,  figs.  10-12C: 

A species  from  the  Wenlockian  of  Dudley,  England,  and  occurring  also  in 
Gotland.  Similar  to  M.  convolutus,  but  with  cirri  round  and  bead-like.  The 
specimen  figured  is  notable  for  being  the  only  one  of  the  genus  from  the  Silurian 
which  shows  the  exact  structure  of  the  crown,  of  locrinid  type,  with  only  4 rays. 
It  was  noticed  in  Bather’s  work  of  1893,  on  p.  182. 
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Myelodactylus  extensus  Springer 
Plate  2^,  figs.  11-18 

Springer,  Unusual  Forms,  1926,  p.  14,  pi.  3,  figs.  1-13. 

Like  animonis,  except  that  the  coil  is  open  beyond  the  proximal  region, 
and  stem  extended  for  a considerable  distance  in  a broad  curve  toward  the  dis- 
tal end. 

Beech  River  formation;  Decatur  County,  Tennessee. 

Myelodactylus  brachiatus  Hall 
Plate  2y,  fig,  ip 

Myelodactylus  brachiatus  Hall,  Pal.  New  York,  2,  1852,  p.  232,  pi.  45,  figs.  7a-e. — Springer,  Unusual  Forms, 
1926,  p.  14,  pi.  4,  figs.  i-io. 

Coil  Open,  circular  part  of  stem  very  long  and  slender,  with  crown  tending 
to  be  free  of  the  coil ; cirri  limited  to  the  distal  end,  few,  long,  branching,  and 
alternating  at  intervals  of  several  columnals. 

Rochester  shale;  Lockport,  New  York. 

Myelodactylus  keyserensis  Springer 
Plate  2J,  figs.  20,  20a 

Springer,  Unusual  Forms,  1926,  p.  19,  pi.  6,  figs.  1-3. 

Coil  open;  cirri  numerous,  long,  slender,  paired  on  successive  columnals; 
crown  large,  with  long  arms  branching  repeatedly,  swelling  between  the  two 
rows  of  closely  packed  cirri ; rays  5,  of  locrinus  type. 

Keyser  formation,  Helderbergian  ; Lower  Devonian  ; Keyser,  West  Virginia. 

Myelodactylus  schucherti  Springer 
Plate  2J,  fig.  21 

Springer,  Unusual  Forms,  1926,  p.  21,  pi.  5,  figs.  9-90 

Coil  close,  circular  part  of  stem  thick  and  long;  cirri  round,  short,  paired 
on  successive  columnals. 

Linden  formation,  Helderbergian,  Lower  Devonian;  Benton  County,  Tennessee. 

Myelodactylus  nodosarius  (Hall) 

Plate  2^,  figs.  22-24 

Brachiacrinus  nodosarius  Hall,  Pal.  New  York,  3,  1859,  p.  118,  pi.  5,  figs.  5-7;  pi.  6,  figs.  1-3.— Goldring, 
Devon.  Crin.  New  York,  1923,  p.  332,  pi.  41,  figs.  1-4. — Herpetocrinus  nodosarius  Bather,  Amer.  GeoL, 
16,  189s,  p.  213. — Myelodactylus  nodosarius  Springer,  Unusual  Forms,  1926,  p.  20,  pi.  5,  figs.  1-8. 

Coil  open ; stem  elongate,  terminating  in  a bulbous  enlargement ; cirri  few, 
short,  thicker  than  the  stem  and  thickest  in  the  middle,  alternating  at  intervals 
of  I to  5 columnals,  composed  of  a few  rounded,  bead-like  cirrals. 

New  Scotland  formation,  Helderbergian,  Lower  Devonian ; Schoharie  County,  New  York. 
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CALCEOCRINIDAE  Meek  and  Worthen 

Calceocrinidae  Meek  and  Worthen,  Geol.  Surv.  Illinois,  5,  1873,  p.  502. — Wachsmuth  and  Springer,  Rev. 

Pal.,  3,  1886,  p.  273. — Ringueberg,  Ann.  New  York  Acad.  Sci.,  4,  1889,  p.  388. — Bather,  Crin.  Gotl. 

1893,  p.  54;  Treatise  on  Zool.,  3,  1900,  p.  147. — Crcmacrinidae  Ulrich,  14th  Ann,  Rep.  Geol.  Surv. 

Minnesota,  1886,  p.  105. 

Monocyclic  Inadimata,  with  crown  pendent  or  recumbent  on  the  stem,  in 
which  the  radials  are  connected  with  the  base  by  muscular  articulation  instead 
of  by  suture,  and  in  which  bilateral  symmetry,  at  first  disturbed,  has  been 
progressively  established  by  the  location  of  the  stem  first  to  the  right  of  the  anal 
tube,  and  afterwards  in  the  same  plane ; anterior  and  left  posterior  radials  large 
and  simple;  left  anterior,  right  posterior  and  right  anterior  radials  originally 
compound,  the  last  two  finally  obliterated  or  non-arm-bearing;  anal  a-  shifted 
over  the  right  posterior  radius,  and  supporting  a massive  anal  tube;  arms  of  two 
types,  one  (1.  ant.)  median,  marking  the  plane  of  bilateral  symmetry,  and  three 
lateral  in  early  stage,  afterwards,  and  finally,  becoming  definitely  fixed  at  two, 
which  are  peculiarly  modified  by  a doubly  heterotomous  mode  of  branching, 
wholly  distinct  from  that  of  the  median  arm;  basals  first  4,  later  reduced  by 
fusion  to  3;  calyx  antero-posteriorly  compressed,  especially  at  the  junction  of 
radials  and  basals,  where  it  is  almost  linear;  transverse  section  about  middle 
of  radials  triangular. 

Ordovician  to  Lower  Carboniferous ; America  and  Europe. 

This  singularly  modified  crinoid  differs  from  all  others  by  having  the  base  united  to  the 
radials  by  a hinged  muscular  articulation,  allowing  motion  of  the  crown  above  the  base  up 
and  down  in  the  plane  of  its  bilateral  symmetry.  By  this  character,  without  precedent  among 
the  echinoderms,  the  family  is  set  apart  from  the  remainder  of  the  class  as  a distinct  zoological 
unit.  Its  morphology  has  been  studied  by  Wachsmuth  and  Springer,  Ringueberg,  and  Bather. 
The  most  extensive  study  is  that  of  Bather,  contained  in  his  monograph  on  the  Crinoidea  of 
Gotland,  1893,  which  embodied  an  elaborate  treatise  on  the  family  Calceocrinidae,  with  the 
advantage  of  the  fine  material  from  the  Swedish  and  English  Silurian,  and  is  enriched  with  a 
wealth  of  beautiful  figures  drawn  by  the  master  hand  of  Georg  Liljevall.  No  Silurian  material 
at  all  comparable  to  that  had  been  available  to  the  American  authors,  nor  has  there  been  since 
until  the  collection  herein  described  was  assembled.  In  the  treatment  of  the  family,  I have 
availed  myself  of  Bather’s  work,  and  of  his  later  treatise  in  the  Lankester  Zoology,  part  3, 
1900,  page  147. 

The  literature  on  the  subject  is  difficult  to  follow,  aside  from  the  obscurity  inherent  in 
the  anomalous  structure,  because  the  authors  have  employed  different  terminology  for  the 
parts  which  are  peculiar  to  it.  It  is  therefore  necessary,  before  entering  upon  the  discussion 
of  a type  of  which  the  superficial  appearance  in  its  later  stage  is  so  widely  different  from  that 
of  other  crinoids,  to  settle  the  orientation  of  the  calyx.  This  depends  chiefly  upon  the  rela- 
tion of  the  radials,  which  are  so  greatly  affected  by  the  modifications  that  have  occurred. 
Wachsmuth  and  Springer  and  Ringueberg  treated  the  radius  which  is  located  between  the 
two  large  radials,  and  thus  occupies  a conspicuous  median  position,  and  which  had  been  called 
“ dorsal  ” by  Hall,  as  the  anterior.  Bather,  on  the  other  hand,  regarded  the  median  radius 
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as  the  left  anterior,  the  anterior  being  the  large  plate  adjoining  it  to  the  left.  I have  adopted 
this  plan,  as  being  the  logical  deduction  from  the  facts  about  which  there  is  no  dispute. 

The  type  under  consideration  is  beyond  question  closely  related  to  the  Heterocrinidae, 
with  which  it  was  contemporaneous  in  the  early  stage,  and  of  which  it  was  evidently  an  off- 
shoot. E.  Billings  described  the  first  two  species  of  it  as  Heterocrinus.  In  most  of  the  early 
monocyclic  genera  of  that  type  having  unequal  radials,  such  as  Heterocrinus,  Ectenocrimis, 
Ohiocrinus,  and  also  those  of  other  groups,  as  Pisocrinns,  Triacrinus,  Mycocrinus  and  Catillo- 
crinus,  it  is  always  the  anterior  and  left  posterior  radials  that  are  large  and  simple,  while  the 
others  are  compound  or  much  reduced  in  size.  (See  pi.  23,  fig.  46.) 

Having  thus  the  essential  characters  of  the  Heterocrinidae,  and  the  two  large  radials 
with  the  arms  they  bear  being  clearly  identified  as  the  anterior  and  left  posterior,  it  necessarily 
follows  that  in  this  family  the  arm  or  radius  which  lies  between  them,  and  which  on  the  side 
away  from  the  anal  tube  occupies  the  median  position,  is  the  left  anterior.  With  this  fact 
established  to  begin  with,  we  are  prepared  to  trace  the  modifications  which  followed  the 
reversal  of  the  crown  upon  the  stem. 

The  first  departure  from  the  primitive  type  was  the  disappearance  of  one  basal  and  the 
r.  post,  arm,  and  the  location  of  the  stem  at  one  side  of  the  anal  tube,  and  to  the  right  of  the 
r.  post,  radial ; the  plane  marked  by  the  stem  and  1.  ant.  radial  is  one  of  imperfect  bilateral 
symmetry.  R.  post,  arm  being  now  absent,  its  place  is  occupied  by  the  anal  tube.  Next  the 
r.  ant.  arm  also  disappears  in  the  later  genera,  in  which  the  stem  shifts  so  as  to  coincide  with 
the  anal  tube  in  the  median  posterior  position,  thus  producing  complete  bilateral  symmetry ; 
the  r.  post,  and  r.  ant.  superradials  fuse  to  form  a transversely  extended  subanal  plate, 
sometimes  T-shaped,  underlying  the  anal  a',  which  is  the  direct  support,  or  beginning  of  the 
anal  tube ; later  the  subanal  piece  atrophies,  and  the  anal  .r  or  tube  rests  upon  the  correspond- 
ing inferradials ; finally  also  the  left  basals  fuse  into  a single  plate.  The  simple  radials  (1.  post, 
and  ant.)  increase  in  size,  forming  the  sides  of  the  cup,  and  bending  around  toward  the  pos- 
terior, where  the  tube  is,  as  well  as  in  the  opposite  direction  where  they  eventually  meet 
between  the  two  segments  of  1.  ant.  compound  radial. 

These  segments  are  quite  variable  in  shape  and  size,  and  the  variation  is  decidedly  progres- 
sive. In  the  Ordovician  forms  the  lower  one,  inferradial,  is  elongate  quadrilateral,  rather 
broad,  and  connects  by  its  distal  face  with  the  roughly  triangular  superradial.  A similar  con- 
nection, with  a gradual  decrease  in  width  of  the  inferradial,  is  maintained  in  some  Silurian 
forms ; in  others  the  two  segments  are  separated,  both  becoming  triangular,  and  this  struc- 
ture remains  fixed  and  constant  throughout  the  Devonian  and  Lower  Carboniferous.  The 
proximal  margin  of  this  and  the  adjoining  radials  next  to  the  hinge  is  often  strongly  denticulate. 

The  arm  system  becomes  peculiarly  modified,  both  in  general  plan  and  minor  details. 
It  consists  of  two  distinct  types,  one  of  which  is  limited  to  a single  arm,  the  left  anterior, 
while  the  other  contains  two  or  more  arms,  first  uns}’mmetric  and  afterwards  equally  balanced 
on  either  side  of  it.  The  former  is  an  element  siii  generis,  standing  alone,  distinguished  from 
all  the  others  by  its  median  location  and  exclusive  characters.  By  reason  of  its  size,  position, 
and  relation  to  the  other  arms,  it  dominates  the  anterior  region  of  the  crown,  and  as  the  dia- 
metrical opposite  of  the  reversed  stem  fixes  the  plane  of  bilateral  symmetry  somewhat  after 
the  manner  of  a spinal  column.  In  view  of  its  strictly  median  position  between  those  borne 
by  the  two  large,  simple  radials,  I have  found  it  convenient  in  discussion  to  designate  this  as 
the  “ median  arm,”  rather  than  as  the  “ dorsal  ” as  is  done  by  Hall  and  some  other  authors, 
that  term  being  objectionable  because  currently  used  among  the  echinoderms  in  an  entirely 
different  sense.  Of  course  the  term  “ left  anterior  ” is  retained  as  the  correct  technical 
expression. 


prefer  the  term  “subanal,”  which  is  self-explanatory  and  correct  in  fact,  to  that  of  “T-piece”  as 
employed  by  some  authors,  which  is  misleading  in  that  the  plate  is  scarcely  ever  found  of  that  shape. 
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The  median  arm  is  borne  by  the  1.  ant.  R,  and  it  varies  greatly  in  size;  it  is  sometimes 
much  the  largest,  furnishing  the  main  controlling  element  in  the  movement  of  the  crown ; 
frequently  it  remains  simple,  extending  distally  beyond  the  ends  of  the  other  arms ; it  may 
branch,  usually  only  once  in  the  earlier  forms,  but  sometimes  twice  or  even  more  in  some  of 
the  later ; also  it  varies  in  the  number  and  length  of  brachials,  from  2 or  3 of  extreme  length 
to  20  or  more  short  ones ; occasionally  this  arm  is  relatively  slender,  and  even  shorter  than 
the  lateral  arms.  But  always  it  is  a unit  by  itself,  without  any  corresponding  element. 

The  two  side  arms  borne  by  the  large,  simple  radials,  each  at  first  symmetrically  divided 
into  two  equal  rami,  are  later  extraordinarily  developed  into  numerous  branches  springing 
from  successive  diminishing  axillaries  having  unequal  articulating  faces,  each  giving  off  from 
the  shorter,  inner  face  a branch  called  an  “ axil-arm,”  and  from  the  longer,  outer  face  the 
next  axillary.  The  latter  constitute  the  main  ramus  of  each  of  these  arms,  composed  of  a 
series  of  3 to  8 axillaries,  termed  “ main-axils,”  which  lie  side  by  side  and  curve  around 
transversely  toward  the  anal  tube  in  form  of  an  arch;  the  branch  (axil-arm)  springing  from 
each  main-axil  on  the  shorter  side  toward  the  median  arm  gives  off  ramules  in  alternate 
succession,  of  which  those  on  the  inner  side  are  often  invisible  from  the  exterior  of  the  folded 
arm,  while  those  on  the  outer  side,  especially  the  first  one,  may  reach  the  height  of  the  crown 
and  form  the  chief  visible  part  of  the  arm.  This  plan  of  arm-branching  may  be  called  the 
“ axil-arm  system.” 

The  base  also  undergoes  notable  modifications.  In  the  first  remove  from  the  ancestral 
form,  concurrent  with  the  asymmetric  location  of  the  stem  and  the  disappearance  of  the 
r.  post,  arm,  the  r.  post,  basal  atrophies,  and  is  only  rarely,  perhaps  doubtfully,  represented 
by  a minute  triangular  relic ; thus  there  are  left  4 BB,  which  form  a semicircular  base,  hinged 
by  muscular  articulation  to  the  radials,  with  the  hinge  on  the  straight  side  and  the  larger  r.  ant. 
and  post.  BB  on  the  curve.  All  the  basals  are  in  contact  with  the  stem  as  usual  in  crinoids ; 
the  median  two  next  to  the  hinge,  1.  post,  and  1.  ant.  BB,  called  the  left  basals,  enter  or  touch 
the  stem-facet  by  narrow  points,  and  their  outer  sides  make  a reverse  curve,  giving  a peculiar 
and  characteristic  outline.  In  the  next,  3-armed,  stage,  with  the  stem  shifted  back  to  the 
median  position,  the  4 basals  remain  as  before,  the  two  left  BB  in  contact  with  the  stem  by 
their  points,  and  preserving  the  same  general  shape.  But  in  the  next,  axil-arm,  stage  these 
basals  are  completely  detached  from  the  stem,  and  fuse  into  a single  plate  which  is  usually 
triangular  with  straight  sides  in  the  Silurian  forms,  and  finally  becomes  curved  in  the  Car- 
boniferous. Thus  while  in  the  Ordovician  stage  and  its  immediate  Silurian  successor  the  four 
basals  are  connected  with  the  stem  as  in  their  ancestor  when  erect  upon  the  stem,  a progressive 
change  occurs  with  the  establishment  of  the  axil-arm  system,  by  which  two  of  them  are  entirely 
withdrawn  from  contact  with  the  stem  or  its  facet.  These  differences  are  further  important 
because  they  can  be  recognized  from  the  isolated  base  alone,  which  is  often  the  only  part 
recovered  in  the  fossils. 

These  various  stages  form  an  evolutionary  series,  the  members  of  which  may  for  the 
present  be  designated  as  A,  B,  C and  D.  It  begins  in  the  Ordovician  with  Form  A,  having 
3 lateral  arm-bearing  rays,  hereinafter  for  convenience  called  simply  arms,  the  stem  alongside 
the  anal  tube,  the  lateral  axillary  primibrachs  equal-faced  (in  wbich  three  characters  it  differs 
from  all  the  rest  of  the  familv),  also  4 basals  unfused,  the  r.  post,  and  r.  ant.  inferradials 
separated  from  one  another  and  from  the  anal  x by  the  corresponding  superradials,  and  the 
two  segments  of  1.  ant.  R broadly  connected ; is  modified  in  the  Silurian  with  Forms  B and  C, 
having  the  lateral  arms  reduced  to  two,  balanced,  the  stem  shifted  to  the  plane  of  the  anal 
tube,  the  primibrachs  unequal-faced ; the  left  basals  in  the  former  divided,  and  in  the  latter 
fused  into  a single  triangular  plate ; and  it  culminates  in  the  Devonian  and  Lower  Carbonifer- 
ous with  Form  D,  in  which,  along  with  the  foregoing  characters  of  C,  the  fused  1.  post,  and 
1.  ant.  basals  finally  form  a curved  plate  as  wide  as  the  hinge,  the  r.  post,  and  r.  ant.  infer- 
radials have  come  together  underneath  the  anal  x,  the  superradials  which  as  the  subanal  piece 
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Lateral  arms  as  in  C;  inferradials  of  vanished 
arms  meet  under  x;  segments  of  1.  ant.  R always  sepa- 
rated. BB  3,  the  fused  left  basal  more  or  less  curved, 
not  touching  stem.  Devonian  to  Lower  Carboniferous. 
Halysiocrinus. 


Lateral  arms  2,  balanced,  with  axil-arms  borne 
on  short  faces  of  successive  axillaries,  arching  to- 
ward anal  tube;  inferradials  of  vanished  arms  sepa- 
rated by  subanal  piece;  segments  of  1.  ant.  R usually 
separated.  3 BB,  1.  ant.  and  1.  post,  fused  to  a trian- 
gular plate,  not  touching  stem.  Silurian.  Calceo- 
crhius. 


R.  ant.  arm  vanished,  leaving  median  and  2 lat- 
eral arms  balanced ; stem  shifted  to  plane  of  anal 
tube;  segments  of  1.  ant.  R narrowly  connected ; 4 BB, 
all  touching  stem.  Silurian.  Eucheirocrinus. 


Crown  bent  upon  stem ; r.  post,  arm  and  basal 
vanished,  leaving  median  and  3 lateral  arms,  un- 
symmetric,  anal  tube,  and  4 BB  all  touching  stem; 
stem  at  side  of  tube;  segments  of  1.  ant.  R broadly 
connected.  Ordovician  to  Silurian.  Cremacrinus. 


Probable  ancestral  form  like  Heterocrimis,  with 
5 arm-bearing  RR,  2 simple,  3 compound;  crown 
erect  upon  stem ; anal  tube  springing  from  r.  post.  R. 
Ordovician.  Dotted  line  indicates  arm  and  basal  first 
to  be  eliminated. 


Fig.  I.  The  Series  of  Calceocrinidae 
Read  from  below  up 
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before  separated  them  having  disappeared,  and  the  two  segments  of  1.  ant.  radial,  having 
as  a rule  become  disconnected  in  C,  are  now  widely  and  permanently  separated  by  the  two 
large  radials  meeting  between  them.  In  B the  lateral  arm  structure  is  of  an  intermediate 
stage,  while  C,  which  is  abundantly  represented  in  the  fauna  herein  described,  has  in  common 
with  D the  axil-arm  structure,  and  differs  from  it  in  the  fact  that  in  most  species  the  two 
inferradials  are  still  separated  by  the  subanal  piece  formed  by  the  fusion  of  their  respective 
superradial  segments,  and  also  in  the  size  and  shape  of  the  fused  basals. 

This  may  be  better  understood  by  reference  to  the  accompanying  series  of  diagrams  on 
page  91  constructed  as  if  the  cup  were  opened  between  the  anterior  and  left  anterior  radials 
and  spread  out  flat ; this  puts  the  left  anterior  ray  always  at  the  left  end,  with  the  anal  tube  and 
stem  at  the  front.  The  relative  position  of  the  respective  parts  is  maintained  throughout. 

In  the  Ordovician  type,  which  passes  over  into  the  Silurian,  the  side  arms  branch  so  that 
the  ray  divides  equally  upon  the  axillary  primibrach  into  two  main  divisions,  which  are  sym- 
metric as  between  themselves.  From  these  ramules  are  given  off  from  successive  brachial  series 
alternately  on  opposite  sides  after  the  usual  manner  of  the  heterotomous  arm. 

In  the  other  leading  Silurian  form,  C.  as  before  stated,  the  axil-arm  system,  a wholly 
different  and  unprecedented  plan  of  arm  structure,  was  developed,  in  which,  instead  of  the  rays 
dividing  symmetrically  into  two  equal  rami,  they  divided  upon  the  primibrach  from  unequal 
articulating  faces,  the  shorter  one  giving  off  an  axil-arm  and  the  longer  one  another  axillary, 
likewise  unsymmetrical,  from  which  the  same  process  was  repeated  several  times.  Thus  the 
branching  was  by  successive  axillaries  from  one  side  of  the  ra}^  outward  from  the  median  arm 
toward  the  anal  tube,  producing  a somewhat  fan-shaped  arrangement  of  the  ray  on  either  side. 
This  modification  changed  the  general  aspect  of  the  crinoid,  and  the  relation  of  its  calyx  and 
arm  plates,  to  such  an  extent  that  in  order  to  understand  the  descriptions  it  is  desirable  to  have 
a little  clearer  account  of  what  happened  during  the  course  of  the  evolution  from  Ordovician 
to  Carboniferous  times. 

Starting,  for  example,  with  the  cup  of  Heterocrinus  hellevillensis  of  W.  R.  Billings,  as 
given  opposite  O at  the  bottom  of  the  series,  we  have  a circlet  of  five  arm-bearing  radial  plates, 
three  of  them  compound  and  two  simple,  together  with  an  anal  tube  springing  from  the 
r.  post,  radial,  all  underlain  by  5 basals.  The  plane  of  bilateral  symmetry  in  this  circlet  bisects 
the  anal  tube  and  the  simple  anterior  radial,  with  two  radials  on  either  side,  one  simple  and 
one  compound  at  the  left,  and  two  compound  ones  at  the  right.  By  reason  of  the  sternward 
bending  of  the  crown,  and  consequent  pushing  of  the  anal  tube  to  the  right,  the  two  arms  to 
the  right  of  it  were  one  after  the  other  crowded  out ; the  superradials  and  inferradials  were 
modified  until  the  arm-bearing  segments  disappeared  or  ceased  to  function,  and  there  were 
left  only  three  arm-bearing  radials,  the  1.  post.,  1.  ant.  and  ant.  RR  in  that  order.  The  1.  ant.  R 
became  the  base  of  the  median  arm ; the  other  two,  having  greatly  increased  in  size,  supported 
the  side  arms,  which  by  their  numerous  branches  spread  around  toward  each  other,  and 
toward  the  anal  tube,  usually  overlapping  and  concealing  it  from  view.  This  resulted  in  a 
flattened  or  elliptic  ring  of  calyx  plates,  consisting  of  a median  and  two  lateral  arm-bearing 
radials  and  the  anal  series,  in  which  the  radial  antipodal  to  the  anal  tube  was  now  the  left 
anterior  instead  of  the  anterior  as  in  the  ancestral  stage,  leaving  one  of  the  large  simple  radials 
at  either  side ; so  that  the  plane  of  bilateral  symmetry  would  lie  from  the  stem  and  anal  tube 
to  the  median  arm. 

Thus  the  goal  toward  which  this  family  group  was  tending  was  a tri-radial  form  with  a 
perfect  bilateral  symmetry.  It  was  attained  by  (i)  complete  elimination  of  the  ancestral 
r.  post,  and  r.  ant.  rays  through  atrophy  of  their  superradials  and  incorporation  of  their  infer- 
radials with  the  anal  structures;  (2)  restoration  of  the  stem  to  the  plane  of  the  anal  tube; 
along  with  these  occurred  (3)  the  equal  development  of  the  axil-arm  system  on  either  side 
of  the  median  arm ; and  (4)  the  permanent  detachment  of  1.  ant.  inferradial  from  the  ray  by 
the  meeting  of  the  two  large  radials  above  it. 
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Such  is  the  general  type  of  the  prevailing  post-Ordovician  forms,  of  which  there  is 
herein  illustrated  a series  of  typical  Silurian  and  Carboniferous  species.  Orienting  the  crinoid 
in  the  usual  way  by  viewing  it  from  the  anal  side,  the  large  anterior  radial  would  be  said  to 
lie  at  the  right  side,  and  the  left  posterior  at  the  left ; each  supports  a many-branched  arm, 
and  between  them  is  the  left  anterior,  median  radial  supporting  its  arm  of  different  type  which 
is  frequently  unbranched.  But  for  descriptive  purposes,  on  account  of  the  very  peculiar  mode 
of  branching  of  these  side  arms  in  Silurian  and  later  forms,  it  has  been  found  more  con- 
venient to  view  the  crinoid  from  the  conspicuous  median  arm,  and  while  retaining  the  desig- 
nation of  the  arms  themselves  as  1.  post,  and  ant.,  according  to  the  conventional  plan,  to  reckon 
direction  of  their  component  parts  from  the  median  arm  outward  and  around  toward  the  anal 
side.  Therefore  from  this  view  the  anterior  arm  lies  toward  the  left,  and  its  branches  as  seen 
from  the  exterior  diminish  in  size  from  the  median  arm  sternward,  such  branches  as  are 
given  off  in  that  direction  being  termed  in  the  literature  “ adanal,”  “ outer,”  or  “ left,”  while 
those  that  lie  toward  the  median  arm,  and  therefore  away  from  the  stem  and  anal  side,  are 
termed  “ abanal,”  “ inner,”  or  “ right.”  In  describing  the  corresponding  details  of  the  arm 
at  the  opposite  side  (left  posterior)  these  “ right  ” and  “ left  ” directions  are  reversed. 

The  Axil-arm  System 

With  this  distinction  borne  in  mind,  some  of  the  confusion  in  the  descriptive  literature  is 
clarified,  and  we  are  now  in  a position  to  give  a more  detailed  account  of  the  mode  of  branch- 
ing which  was  finally  attained  in  the  family,  and  which  forms  one  of  its  most  striking  charac- 
ters. In  this  later  and  final  stage  of  arm  structure  the  axil-arms,  borne  upon  the  outer  and 
shorter  faces  of  the  main-axils,  are  composed  of  a succession  of  brachials  in  series  of  two 
or  more  each,  called  for  convenience  Alphabrachs,  Betabrachs,  Gammabrachs,  etc.  The  distal, 
or  upper,  Alphabrach  is  an  axillary,  of  which  the  inner  articulating  face  bears  a ramule,  rarely 
seen ; the  outer  face  carries  the  main  arm  with  the  second  series  of  brachials,  Betabrachs,  the 
upper  or  distal  one  of  which  gives  off  from  the  outer  side  an  unbranched  ramule,  and  from 
the  inner  the  third  series  of  brachials,  Gammabrachs;  and  so  on  alternately — a ramule  and 
then  a continuation  of  the  main  arm,  until  the  latter  terminates  with  an  equal  bifurcation. 

The  outer  ramules  of  each  axil-arm  always  tend  to  be  larger  than  the  inner,  as  explained 
by  Bather,  so  that  the  first  ramule  on  the  extreme  outer,  or  adanal,  side,  with  the  Betabrachs 
that  support  it,  becomes  the  most  conspicuous  branch  of  the  arm,  while  the  rest  of  the  arm 
is  correspondingly  diminished  and  sometimes  completely  hidden  from  view.  Thus  it  results 
that  the  Alphabrachs,  the  outer  Betabrachs,  and  the  outer  ramule  appear  to  form  a continuous 
arm,  often  all  that  is  seen  from  the  exterior,  while  the  inner  Betabrachs,  Gammabrachs  and 
the  series  which  follow  them,  if  any,  although  morphologically  the  main  element  of  the  axil- 
arm,  are  often  inconspicuous  or  even  invisible.  In  the  closed  condition  of  the  arms  as  usually 
seen  in  the  fossils,  they  are  frequently  folded  under  the  adjoining  outer  ramules,  while  the 
latter  constitute  the  visible  axil-arms,  lying  parallel  and  gradually  diminishing  in  length  and 
thickness  toward  the  anal  side  and  stem.  Especially  the  first  or  lowest  ramule,  given  off  by  the 
axillary  Alphabrach  toward  the  median  arm,  is  usually  obscured  in  form  C,  but  is  more  freely 
exposed  in  the  later  species  of  Form  D. 

The  axil-arm  is  a direct  development  from  the  equally  divided,  ramule-bearing  arm  of 
Form  A,  as  may  be  seen  by  comparing  it  with  the  arms  shown  in  figures  9,  ii,  and  13  of 
plate  28,  in  which  the  alternate  ramules  from  about  each  second  or  third  brachial  reach  the 
full  height  of  the  crown — the  essential’ difference  being  that  in  the  earlier  form  both  rami  of 
each  arm  branched  that  way,  and  the  main  branch  maintained  its  preponderance  over  the 
ramules.  From  the  symmetrical  ray  ol  Form  A,  v;ith  its  two  equal  and  similar  rami  composed 
of  successive  ramule-bearing  brachial  series,  and  dividing  upon  an  equal-faced  primibrach,  to 
the  fully  developed  axil-arm  system  of  Form  G,  borne  upon  an  unequal-faced  primibrach, 
with  nothing  of  the  original  arm-divisions  left  visible  but  a set  of  closely  packed  parallel 
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ramules,  seems  a long  jump.  But  the  intermediate  stage  is  beautifully  shown  in  the  Gotland 
species,  Calceocrinus  gotlandiciis,  where  a sternward  diminishing  series  of  rami  similar  to 
those  of  Form  A is  combined  with  a succession  of  unequal-faced  axillaries  following  an 
unsymmetric  primibrach.  The  three  stages  are  shown  in  the  accompanying  text-figures. 

If  in  b the  left  ramule  of  each  ramus  enlarges,  and  all  parts  to  the  right  are  dwarfed  and 
hidden  behind  it,  as  in  certain  species  of  Form  C,  the  arm  system  of  c will  result. 

The  prime  morphological  factor  at  the  bottom  of  these  modifications  is  the  change  in 
shape  of  the  lateral  axillary  primibrach  (lAx)  from  equal-  to  unequal-faced,  from  which 
the  unequal  division  of  the  ray  necessarily  follows.  This  actually  begins  with  Form  B,  in  the 
typical  species  of  which  the  articulating  faces  of  the  primibrach  differ  in  length  about  as 
4 to  3,  giving  rise  to  an  unsymmetric  division  witbin  the  ray.  Therefore  we  have  in  this  a 
third  broad  character  by  which  Form  A is  differentiated  from  all  the  rest  of  the  family. 


u 


c. 


Fig.  2.  Three  Stages  in  Development  of  Axil-Arm 


a.  Cremacrinus  tiihidiferiis.  Equal  rami  from  symmetric  IBr. 

b.  Calceocrinus  gotlandiciis.  Unequal  rami  from  unsymmetric  IBr. 

c.  Calceocrinus  foerstei.  Axil-arm  system,  with  only  parallel  ramules  visible  from  short  faces 

of  IBr  and  successive  axillaries. 


Other  Progressive  Characters 

Thus  the  axil-arm  as  a post-Ordovician  development  is  a most  conspicuous  character 
marking  the  evolutionary  succession  of  the  family  in  geological  time.  It  is  now  a further 
striking  fact  that  there  is  correlated  with  it  another  character  more  often  seen  because  it  ap- 
pears in  the  calyx  plates,  which  are  the  most  frequently  preserved  in  the  fossils. 

That  is  the  greater  or  less  separation  of  the  two  large  simple  radials  by  the  connection, 
or  want  of  connection,  of  the  upper  and  lower  segments  of  the  1.  ant.  radial.  The  change  was 
incident  to  the  transverse  extension  of  those  radials  to  form  the  support  of  the  axil-arms,  so 
that  the  two  structures  underwent  a parallel  progression.  In  all  the  Ordovician  species  the 
segments  were  broadly  connected,  the  inferradial  being  an  elongate,  quadrangular  plate ; this 
was  constant  in  Form  A,  of  which  some  species  passed  over  into  the  Silurian.  In  Form  B 
of  the  Silurian  the  connection  was  maintained,  with  a tendency  to  modification  by  the  narrow- 
ing of  the  inferradial  at  the  top,  leading  toward  an  acute-angled  apex.  In  the  Silurian  Form  C 
the  complete  change  was  effected  by  the  transformation  of  the  inferradial  from  a quad- 
rangular to  a triangular  plate,  and  the  consequent  severing  of  connection  between  the  two 
segments.  Exceptionally  as  a survival  the  Ordovician  type  persists  in  this  form,  as  in  Calceo- 
criuus  foerstei,  C.  interpres  and  C.  pinmdatiis ; and  rarely  in  other  species  the  two  segments 
may  touch  by  their  apices.  Finally  with  Form  D in  the  Devonian  and  Carboniferous  the 
separation  of  the  segments  by  the  interposition  of  the  simple  radials  was  completely  estab- 
lished, and  became  a constant  character  of  the  genus  Halysiocrinus. 
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The  evidence  on  this  point  is  remarkably  decisive.  Among-  up-wards  of  400  specimens  of 
Form  D from  the  American  Devonian  and  Lower  Carboniferous  in  which  these  plates  are 
visible,  there  is  not  a single  case  in  which  the  left  anterior  radial  is  not  completely  and  widely 
separated  into  two  triangular  segments,  with  the  anterior  and  left  posterior  radials  meeting 
between  them.  These  are  distributed  as  follows:  Helderbergian  i ; Oriskany  i ; Onondaga  4; 
Hamilton  10;  typical  Lower  Burlington  6;  Upper  Burlington  37;  Keokuk  58;  the  remaining 
300  are  from  the  Knobstone,  or  New  Providence  shale,  equivalent  to  the  Lower  Burlington 
in  part,  in  which  at  several  localities  the  flattened  cups  of  united  radial  plates  and  detached 
anchylosed  basals  occur  in  great  numbers. 

Thus  it  is  seen  that  the  two  structures,  the  axil-arm  and  the  divided  segments,  arose 
together,  and  continued  in  conjunction  to  the  end  of  the  family.  The  presence  of  the  two 
segments  unconnected  proclaims  the  axil-arm  almost  without  exception,  which  is  the  impor- 
tant fact  because  nearly  always  in  evidence. 

The  axil-arm  system  of  branching  as  above  described  is  modified  in  the  Gotland  species, 
Calceocrinus  pinniilatus  of  Bather ; here  the  arms  are  composed  of  two  main  trunks  with 
cuneate  brachials,  from  each  of  which  a pinnule  is  given  off  at  the  longer  side,  thus  forming 
two  similar  rows  of  alternating  pinnules,  or  ramifies,  after  the  manner  of  Decadocrimis.  This 
is  so  different  from  all  other  species  in  the  family  that  it  will  undoubtedly,  as  Bather  has  sug- 
gested, form  the  type  of  a new  genus. 

The  branching  of  the  median  arm  is  also  a feature  of  considerable  variability.  Dr.  Bather 
in  the  Crinoidea  of  Gotland,  page  72,  stated  that  “ the  1.  ant.  arm  gradually  bifurcates  at  a 
greater  distance  from  the  cup,  and  eventually  ceases  to  branch  altogether.”  Examination  of 
the  American  material,  with  the  important  additions  now  available,  shows  that  the  modifica- 
tion in  this  character  is  not  attended  by  any  such  regularity. 

In  the  Ordovician  Form  A the  arm  is  either  simple  or  bifurcates  once  at  varying  heights. 
In  Form  C,  while  the  arm  in  most  species  as  herein  described  is  unbranched,  there  is  one 
from  the  same  locality  in  which  it  bifurcates  three  or  four  times.  In  the  Carboniferous  species 
the  tendency  in  regard  to  the  branching  of  this  arm  is  the  reverse  of  that  above  supposed  ; 
Halysiocrinus  dactylus  from  the  Burlington,  for  example,  branches  once  and  then  again  in 
one  ramus,  producing  3,  or  perhaps  4,  finials ; while  in  H.  nodosus,  the  most  prominent 
species  from  the  later  Keokuk,  represented  in  the  collection  by  numerous  specimens,  the 
median  arm  divides  twice  and  three  times,  and  sometimes  even  once  more,  to  a maximum  of  8, 
or  10,  finials.  Thus  there  is  a progression  in  this  character  from  a median  arm  simple  or 
with  a single  bifurcation  in  the  Ordovician,  to  one  of  three  or  more  bifurcations  in  the 
Carboniferous. 

In  a similar  way  the  primary  branches  of  the  lateral  arms  increase  in  number  from  the  3 
of  Form  B to  the  5 or  more  axil-arms  of  Forms  C and  D. 

So  also  in  regard  to  the  form  and  proportions  of  the  flattened  cup  as  seen  from,  the  left 
anterior  side.  In  Forms  A and  B it  is  usually  subquadrangular,  about  as  high  as  wide  (pi.  28, 
figs.  5a,  14)  ; it  changes  in  many  species  of  Form  C to  a trapezoidal  form  -wider  than  high, 
and  widening  toward  the  proximal  margin  (pi.  29,  figs.  Ja,  12a)  ; in  mature  specimens  of 
Form  D the  cup  has  spread  out  transversely  until  the  margin  at  the  hinge  may  exceed  the 
height  as  3.5  to  2 (pi.  30,  figs.  8,  9,  10). 

Thus  there  were  at  least  six  definite  phylogenetic  modifications  from  the  Ordovician  to 
the  Carboniferous,  which  were  more  or  less  concurrent,  viz : 

1.  Stem  from  unsymmetric  lateral  to  median  position. 

2.  Number  of  basals  from  4 to  3. 

3.  Number  of  lateral  arms  from  3 to  2. 

4.  Segments  of  1.  ant.  R from  connected  to  disconnected. 

5.  Median  arm  from  simple  to  many-branched. 

6.  Lateral  arms  from  equal  bifurcation  to  axil-arm  system. 
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Now  these  progressive  modifications  that  have  occurred  in  the  phylogeny  of  the  familv 
are  paralleled  and  recapitulated  to  some  extent  in  the  life  history  of  the  individual,  as  will  be 
seen  in  the  description  of  some  of  the  later  species.  While  not  absolutely  uniform,  but  marked 
by  some  exceptions  and  recessions,  yet  in  general  the  facts  indicate  a well  defined  progression 
within  this  family  from  the  early  to  the  later  geological  stages  comparable  to  that  which 
occurred  from  the  young  to  the  mature  stages  of  individual  growth  in  the  later  forms. 

The  Anal  Tube 

The  anal  tube,  although  often  concealed  from  view  by  the  posterior  arm  branches,  is 
usually  large,  and  is  composed  on  the  posterior  side  of  massive  plates,  somewhat  resembling 
brachials ; they  do  not  entirely  enclose  the  tube,  but  are  crescentic  in  section,  outwardly  curved 
and  leaving  a space  at  the  anterior  side  which  is  filled  by  an  integument  of  small  plates,  similar 
to  what  has  been  described  in  Catillocrinns  and  Synbathocrinus.^  The  anal  .v  is  always  a large, 
convex  plate,  constructed  like  the  tube  plates.  The  statement  of  Wachsmuth  and  Springer^ 
that  the  tube  extends  to  the  tips  of  the  arms  and  perhaps  be3'ond  their  limits,  was  doubted 
by  Bather  (Crin.  Goth,  p.  71),  but  is  confirmed  for  the  Silurian  species  by  the  new  material 
(pi.  29,  figs,  yb,  8b,  JSb).  Of  this  the  most  remarkable  example  of  all  is  the  new  species 
Cremacrinus  tubuUfcrus,  in  which  the  tube  is  not  only  of  great  size,  but  may  bend  outward 
like  a bow,  so  that  for  a part  of  its  length  it  is  free  from  the  arms.® 

Shifting  of  the  Stem 

Aside  from  the  reversal  in  direction,  the  shifting  of  the  stem  in  this  family  is  a remarkable 
pbenomenon,  which  I think  has  not  been  noticed  heretofore  by  authors.  Correlated  as  it  is 
with  other  changes  of  first  rank,  it  becomes  a character  of  much  significance  in  the  evolution 
of  the  group.  It  has  to  do  directly  with  the  equilibrium  of  the  organism,  which  is  so  notable 
a feature  among  paleozoic  echinoderms. 

In  the  5-rayed  ancestral  form,  the  plane  of  bilateral  symmetry  is  from  the  anal  tube  to 
the  anterior  ray,  leaving  two  arm-bearing  radials  on  each  side  of  it.  When  in  connection 
with  the  bending  of  the  crown  upon  the  base  the  right  posterior  arm  is  eliminated,  and  the 
reversed  stem  falls  into  its  place,  the  left  anterior  arm  becomes  the  dominant  factor  on  the 
anterior  side,  and  the  plane  fixed  by  these  two  bisects  tbe  calyx  so  as  to  leave  an  arm  and  the 
anal  tube  on  one  side  to  balance  the  two  arms  remaining  on  the  other.  With  the  elimination 
of  one  of  these  two  arms  in  the  next  stage,  this  balance  would  be  disturbed,  but  for  the  fact 
that  it  is  at  the  same  time  restored  by  the  sternward  torsion  of  the  parts  from  the  right  to  fill 
the  vacancy,  and  the  consequent  shifting  of  the  stem  to  a median  position  directly  in  front 
of  the  anal  tube,  thus  establishing  a plane  of  perfect  bilateral  symmetry  with  one  large  arm- 
bearing radial  on  either  side.  This  being  the  condition  of  stable  equilibrium,  it  is  maintained 
to  the  end  of  the  group.  Thus  it  is  seen  that  the  location  of  the  stem  in  its  two  positions  has 
a definite  connection  with  the  changes  accompanying  the  progressive  modifications  within 
the  family,  and  marking  the  broad  separation  of  Form  A from  all  other  forms. 


The  Hinge 

The  outstanding  character  of  this  family,  by  which  it  is  broadly  set  off  from  all  other 
known  crinoids,  is  the  mobility  of  the  crown  upon  the  base  incident  to  the  connection  of  the 
radials  with  the  consolidated  basals  by  muscular  articulation  instead  of  the  usual  .suture,  by 

1 Springer,  On  the  Family  Catillocrinidae,  Smithsonian  Misc.  Coll.,  Vol.  76,  No.  3,  1923,  pp.  17-20. 

2 Revision  of  the  Palaecrinoidea,  pt.  3,  1886,  p.  281. 

2 See  also  Miss  Goldring’s  description  of  the  tube  in  Halysiocrinus  secundus,  Devonian  Crinoids  of 
New  York,  1924,  p.  339,  pi.  41,  fig.  6. 
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means  of  which  the  crown  could  swing  back  and  forth  like  a door  upon  its  hinge.  The 
anatomical  feature  most  frequently  discussed  in  relation  to  such  movements  of  the  crown 
toward  or  from  the  stem,  as  has  been  very  fully  described  in  Dr.  Ringueberg’s  excellent  paper 
on  the  Calc’eocrinidae,  is  the  externally  conspicuous  hinge-like  joint  formed  by  deep  grooves 
along  the  straight  transverse  edges  of  the  consolidated  basal  and  radial  plates,  which  “ has 
externally  the  appearance  of  a gaping  fissure,  but  is  closed  internally  by  the  exact  approxi- 
mation of  the  inner  edges  of  the  grooves.”  The  fissure  is  formed  by  the  articular  margins  of 
the  1.  ant.  inferradial  and  adjoining  radials  meeting  the  apposed  basals,  bordered  on  either 
side  by  a broad  and  deep  fossa,  and  divided  by  a straight  line  of  contact,  the  approximated 
edges  of  which  may  form  a fulcral  ridge.  Descriptions  of  this  hitherto  have  dwelt  chiefly 
upon  the  articular  surface  as  usually  seen  from  the  anterior  side,  which  occupies  an  equal 
space  upon  the  faces  of  the  respective  plates.  These  spaces  are  often  filled  with  numerous 
small,  irregular  plates,  which  have  been  described  by  Ulrich  and  by  Rather,  the  latter  under 
the  term  “ supplementary  plates,”  with  several  good  figures,  and  which  are  here  shown  by 
figure  2oa,  on  plate  28.  They  are  of  a somewhat  scaly  appearance,  not  meeting  by  suture,  and 
have  a darker  color  and  denser  composition  than  the  other  calyx  plates.  In  some  specimens 
similar  plates  are  also  observed  in  the  gaping  articulations  of  the  axillaries  or  brachials.  Their 
office  is  not  clear.  That  the  hinge  represents  a muscular  articulation,  with  the  usual  com- 
bination of  muscle  and  ligament,  there  can  be  no  doubt. 

This  structure  would  provide  the  power  for  one  movement  of  the  crown.  But  to  pro- 
duce a complete  up  and  down  motion  from  a recumbent  to  a partially  erect  position  and 
vice  versa,  there  must  be  a reciprocal  mobility  and  muscular  control  between  basals  and  radials 
at  the  opposite  side.  Abundant  evidence  of  this  is  seen  in  the  fossils,  sometimes  in  well- 
preserved  crowns  where  the  base  stands  at  a considerable  angle  from  the  radials,  but  especially 
in  the  numerous  weathered  specimens  of  consolidated  bases  and  united  radials,  separated 
from  one  another  along  the  line  of  the  basi-radial  contact.  Instead  of  a sutural  union  between 
the  basals  and  the  two  large  inferradials  at  the  posterior  side,  the  edges  of  these  plates  are 
rounded  or  beveled,  and  there  are  marks  of  muscular  attachment  on  the  inner  surfaces  similar 
to  those  along  the  external  fissure.  Thus  the  opposing  musculature  is  furnished  for  motion 
by  way  of  flexure  or  extension  either  way. 

The  mechanism  of  the  hinge  can  be  better  understood  by  reference  to  the  figures  on 
plate  30,  part  of  them  based  upon  specimens  composed  from  the  detached  elements  above 
mentioned,  and  some  upon  crowns  with  the  parts  in  position  as  found  in  the  fossils.  This 
structural  material  is  chiefly  of  the  abundant  species  Halysiocrinus  perplexus  Shumard,  from 
the  basal  Lower  Carboniferous.  Figures  4 and  5 show  the  anterior  aspect  of  the  calvx  when 
the  articulated  parts  are  opened  as  far  as  they  will  go,  almost  to  the  same  plane,  with  the 
transverse  grooves  forming  the  two  sides  of  the  gaping  fissure  which  lodged  the  exterior 
muscles  actuating  the  movement  in  that  direction.  The  floor  of  the  grooves  next  to  the  divid- 
ing line  is  marked  by  bands  of  striae  vertical  to  the  margin.  In  figure  6 the  exact  opposite  is 
seen,  showing  the  disposition  of  the  parts  at  the  interior,  and  their  appearance  when  fully 
extended.  The  joint-faces  of  the  median  and  two  lateral  arms  are  shown,  with  their  muscular 
markings,  and  by  contrast  the  rounded  edges  of  the  two  large  radials  which  would  be  in  appo- 
sition to  the  corresponding  edges  of  the  basals  when  closed,  but  without  any  sutural  union. 
Here  the  relation  of  all  the  plates  composing  the  calyx  may  be  seen,  as  well  as  the  cavity  which 
lodges  the  viscera.  From  the  margins  of  the  apposed  basal  and  radial  plates  wide  bands  of 
vertical  striae  extend  inward,  marking  the  attachment  of  powerful  muscles  by  the  contraction 
of  which  the  crown  was  closed  down  upon  the  base  and  brought  into  the  position  in  which 
it  is  usually  found,  as  in  figures  17,  18.  19.  (Best  seen  with  a low  magnifier.) 

Starting  with  these  two  examples,  we  can  readily  trace  the  relation  of  the  parts  in  several 
positions  incident  to  different  degrees  of  opening  or  closing.  In  figure  i6a,  from  a complete 
crown,  in  the  most  frequent  position  of  rest,  the  basals  are  firmly  closed  against  the  radials 


98 


SMITHSONIAN  INSTITUTION 


and  the  inferradials  of  the  lost  arms,  here  meeting  underneath  the  anal  series  to  form  a sub- 
anal  piece.  In  figure  7 they  are  opened  to  about  a right  angle;  while  in  figure  15  the  very 
unusual  condition  is  seen  of  the  crown  widely  opened  out  almost  to  an  erect  position  upon 
the  stem.  Some  other  figures,  8,  9,  10,  are  given  showing  in  part  the  same  structures,  but 
more  especially  to  illustrate  the  change  in  shape  of  the  calyx  due  to  growth,  from  elongate 
with  nearly  parallel  sides  in  the  younger  individuals,  to  relatively  short  and  widely  spreading 
downward  toward  the  base  in  the  older. 

Mobility  of  the  Crown 

With  the  establishment  of  the  tri-radial  symmetry  in  the  group,  the  organism  after  an 
early  beginning  seems  to  have  finally  adapted  itself  to  the  recumbent  habit  as  the  position  of 
rest,  from  which  it  could  readily  change  as  occasion  required.  The  widely  gaping  articula- 
tions between  radials  and  arms,  and  between  many  of  the  successive  brachials,  secured  in 
addition  to  the  larger  movement  upon  the  base  the  maximum  of  flexibility  above  the  hinge 
line,  whereby  the  arms  could  be  flexed  or  extended  by  the  contraction  of  their  own  muscles. 
Change  of  position  of  the  crown  was  further  facilitated  by  the  curvature  of  the  stem  at  its 
proximal  end,  as  shown  by  the  presence  of  wedge-formed  columnals,  by  the  articulation  of 
which  it  could  be  bent  or  straightened  to  some  extent.  The  closed  condition  is  by  far  the  most 
frequent  as  found  in  the  fossils.  Evidence  of  habitual  pressure  of  the  crown  upon  the  stem 
is  not  uncommon  in  the  form  of  deep  indentations  upon  the  anal  plates,  or  in  the  Ordovician 
form  upon  the  interray  to  the  right  of  them,  as  shown  in  figures  17  of  plate  28;  24  of  plate  29, 
and  14,  i6a  of  plate  30.  In  others  equally  firmly  closed,  the  indentations  are  not  present,  the 
pressure  being  relieved  by  the  slight  proximal  bending  of  the  stem. 

Excellent  illustrations  of  the  adaptability  of  the  crown  to  these  movements  are  afforded 
by  figures  5 of  plate  28  and  17,  18,  19  of  plate  30,  with  the  crown  lying  closely  recumbent 
upon  the  stem,  and  figure  21  of  plate  28  in  which  it  stands  almost  at  a rig'ht  angle,  and  figure  15 
of  plate  30  before  mentioned  in  which  it  is  extended  almost  in  the  same  line. 

The  expression  “ bending  of  the  crown  upon  the  stem  ” recalls  the  structure  of  the  pre- 
ceding Heterocrinid  derivative,  Myclodactyhis,  to  which  the  same  term  might  be  applied. 
There,  also,  is  some  diminution  of  radials  due  to  pressure  or  a cramped  position,  accompanied 
by  a specialization  of  stem  in  its  way  equally  remarkable  with  this.  But  the  change  in  direc- 
tion of  the  crown  is  accomplished  by  simple  curvature  of  the  stem;  there  is  nothing  in  the 
structure  analogous  to  the  hinge  and  the  consecpient  mobility  of  the  crown  upon  the  base. 

M ode  of  Life 

The  question  arises,  what  is  the  relation  between  the  extreme  departure  of  the  crinoids 
of  this  family  from  the  usual  habitus  of  crinoids  and  their  mode  of  life?  Primarily,  all  such 
modifications  have  to  do  with  the  food  supply  and  the  mode  of  obtaining  it.  In  some  genera,  as 
Torynocrimis,  the  arms  are  bent  from  the  calyx  to  one  side,  from  which  presumably  the  food- 
bearing currents  came.  In  others,  such  as  Monohrachiocrinus  and  Abrachiocrinus,  the  arms 
have  progressively  been  reduced  in  number  and  finally  eliminated  entirely,  because,  as  is  sup- 
posed, the  crinoids  lived  in  an  environment  where  the  food  was  brought  to  them  by  the  cur- 
rents in  such  quantities  that  arms  were  no  longer  needed  to  gather  it. 

Elere,  in  the  form  now  before  us,  not  only  the  arms  w’^ere  affected  by  the  adaptation  to 
unusual  conditions,  but  the  entire  crown  above  the  base  was  forced  out  of  its  natural  upright 
position  on  the  stem.  It  has  hitherto  been  generally  assumed  that  the  crown  had  become 
habitually  pendent  upon  the  stem,  so  that  while  the  stem  itself  remained  upright,  the  normal 
position  of  the  crown  was  reversed,  and  the  arms  pointed  downward,  with,  however,  some 
power  in  the  crinoid,  by  means  of  the  hinge  between  basals  and  radials  and  the  muscular 
articulation,  to  raise  itself  to  a horizontal  or  partially  erect  position.  This  supposition  was 
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expressed  by  statements  such  as  “ the  crinoid  hangs  downward  along  the  column,”  and  “ the 
upper  part  of  the  crinoid  could  be  bent  upward  and  brought  into  an  erect  position.”  Such  a 
lifting  of  the  entire  crown  upon  so  small  a fulcrum  would  seem  to  call  for  a muscular  equip- 
ment rather  greater  than  is  indicated  by  the  evidence  in  the  fossil  state. 

A more  recent  interpretation  has  been  given  by  Jaekel  (Phylogenie  und  System,  1918, 
pp.  86-88) , which  seems  to  accord  better  with  the  observed  facts.  He  considers  these  crinoids, 
which  he  groups  as  a suborder  Calceocrinites,  to  be  reef-dwellers,  living  exposed  to  tidal 
currents,  the  stem  lying  recumbent  upon  the  bottom,  where  when  at  rest  the  crown  was  closed 
down  at  one  side  like  a barnacle.  When  feeding,  the  arms  opened  out  toward  the  current,  for 
which  but  little  movement  of  the  crown  as  a whole  upon  the  base  was  required.  When  the 
tide  turned,  the  arms  would  readily  close  down,  the  larger  ones  serving  as  a protection  for 
the  more  delicate  parts  against  injury  from  the  ebb-current.  Thus  the  crown  habitually  was 
in  a horizontal  position  to  start  with,  from  which  only  a relatively  small  movement  was 
needed  beyond  the  ordinary  opening  of  the  arms  to  enable  the  organism  to  obtain  food  from 
above  like  other  crinoids.  The  theory  is  graphically  presented  by  Jaekel’s  figures,  81,  83, 
representing  the  closed  and  open  conditions. 

This  interpretation  presupposes  a sessile  condition  by  means  of  a distal  attachment  of 
the  stem  to  the  reefs.  Some  evidence  of  this  is  seen  in  specimens  from  Dudley,  England,  in 
which  the  stem  is  sometimes  found  rather  short  with  a foreign  object  attached.  In  the  Ten- 
nessee specimens  it  is  not  so  evident,  the  few  stems  preserved  being  fairly  long,  and  apparently 
tapering  towards  a point. 

With  the  recumbent  position  as  that  of  rest,  in  which  the  crinoid  habitually  reclined 
except  when  feeding,  the  diminution  in  size  of  the  arms  toward  the  posterior  side,  which 
became  such  a marked  character  of  the  post-Ordovician  forms,  is  accounted  for  as  the  result 
of  a cramped  position,  pressure,  and  loss  of  motion. 

Evolution  in  the  Act 

Returning  to  the  evolutionary  modifications  exhibited  in  this  group,  the  study  of  the 
material  now  in  hand  Iras  brought  to  light  some  remarkable  facts.  The  most  striking  move- 
ment within  the  family,  next  to  the  development  of  the  axil-arm,  was  the  elimination  of  the 
fourth  arm  from  Form  A,  concurrent  with  the  shifting  of  the  stem  back  to  its  normal  posi- 
tion in  the  plane  of  the  anal  tube,  and  tbe  restoration  of  bilateral  symmetry  in  the  resulting 
3-armed  crinoid,  thus  establishing  a condition  in  which  all  the  other  forms  differed  in  a large 
way  from  the  typical  Ordovician  form.  Such  a change  in  characters  of  major  importance, 
involving  some  of  the  larger  factors  in  the  anatomy  of  the  group,  would  be  expected  to  occur 
in  a gradual  way,  scarcely  discernible  in  individual  cases.  Hence  we  were  prepared  to  observe 
results  rather  than  the  process  by  which  they  were  obtained. 

When  preparing  the  finely  preserved  Tennessee  material  belonging  tO'  this  form,  I was 
surprised  to  find  in  some  instances  a marked  difference  in  the  size  of  the  lateral  arms.  Upon 
following  this  up  in  seven  of  the  nine  specimens  herein  described  under  three  species,  it  was 
disclosed  that  in  every  one  of  them  the  right  anterior  arm  was  smaller  than  the  anterior  arm 
adjoining  it.  The  diminution  was  in  various  degrees,  in  some  cases  amounting  to  well-defined 
atrophy  by  which  the  arm  was  reduced  to'  less  than  one  fourth  the  size  of  its  adjacent  fellow. 
The  reduction  is  decisively  shown  by  the  figures  on  plate  28,  especially  figs.  3^;  and  in 
which  the  smaller  arm  occupies  but  a small  part  of  the  space  on  that  side ; in  the  former 
specimen  its  branches  are  like  very  short  pinnules,  in  contrast  to  the  long  and  robust  ramules 
of  the  other  arm  alongside ; and  in  the  latter  it  lies  against  the  large  anal  tube  with  scarcely 
more  than  a remnant  of  its  primitive  dimensions.  In  another  species,  figure  7 of  plate  28, 
having  both  arms  spread  like  a fan  in  excellent  position  for  observation,  the  area  of  the 
anterior  arm  is  about  five  times  that  of  the  dwarf.  In  every  case,  with  the  two  lateral  arms 
of  the  anterior  side  lying  side  by  side  for  comparison,  the  difference  in  general  dimensions. 
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in  width  of  brachials,  length  and  stoutness  of  ramules,  and  where  observable  in  number  of 
branchings,  is  perceptible  at  a glance  without  the  need  of  measurements. 

Now  the  arm  which  is  thus  dwarfed  is  always  the  right  anterior,  the  one  which  is  destined 
to  disappear  in  the  course  of  the  modifications  which  produced  the  3-armed  form  of  subse- 
quent and  some  contemporaneous  types,  and  the  manner  of  the  change  by  which  that  result 
was  attained  is  apparent  before  our  eyes.  Upon  first  discovering  this  fact,  I assumed  that 
the  change  took  place  wholly  in  the  Silurian ; but  examination  of  the  Ordovician  species, 
especially  some  exceptionally  well  preserved  specimens  from  the  Trenton  of  Kirkfield  in 
Ontario,  showed  that  the  tendency  to  atrophy  of  the  fourth  arm  began  much  farther  back. 
There  are  eight  specimens  of  C.  articulosus  Billings  or  a closely  allied  species,  in  which  the 
two  adjacent  arms  are  seen,  and  in  all  of  them  the  diminution  of  the  right  anterior  arm  is 
almost  as  great  as  in  the  Tennessee  species,  as  will  be  seen  in  figures  9 to  13  of  plate  28.  It  is 
observable  in  varying  degree  in  some  of  the  other  Ordovician  species  in  which  the  arms  can 
be  compared,  and  in  some  the  fourth  arm  seeius  to  be  as  large  as  the  others.  Bather  (Crin. 
Goth,  p.  61)  observed  that  this  arm  was  smallest  in  Castocriniis. 

Thus  it  is  evident  that  we  have  in  this  instance  a concrete  example  of  the  process  by 
which  the  change  from  one  genus  to  another  was  accomplished  in  the  course  of  geological 
time.  The  atrophy  of  the  two  arms  was  clearly  the  direct  result  of  pressure  incident  to  the 
reversal  and  recumbent  position  of  the  crown  against  the  stern,  and  v/hen  the  axil-arm  system 
was  established,  the  same  influence  was  reflected  in  the  reduced  size  of  the  branches  in  the 
sternward  direction. 

Distribulion 

So  far  as  known.  Form  A does  not  occur  in  the  European  areas.  Its  presence  in  the 
Silurian  of  Tennessee  is  a new  and  unexpected  discovery.  It  is  in  the  Silurian  development 
of  the  family,  as  evidenced  by  the  forms  included  under  Form  C,  that  the  most  interesting 
facts  relating  to  distribution  are  found,  bearing  on  the  relation  between  the  European  and 
American  faunas.  About  seven  species  of  Calceocrinus  have  been  recognized  from  Gotland,  and 
there  are  at  least  two  or  three  from  England.  Of  the  American  species  only  those  from  the 
Rochester  and  Waldron  formations  of  New  York  and  Indiana  have  been  heretofore  figured, 
and  these  are  mostly  not  in  good  condition  for  comparative  study. 

The  Beech  River  formation  of  Tennessee  has  yielded  remarkable  material  mostlv  in  fine 
preservation,  embracing  three  well-marked  species  suitable  for  comparison  with  European 
forms.  Of  these  two,  C.  foerstei  and  C.  bassleri,  are  of  similar  types  to  certain  Swedish  forms, 
but  still  are  dififerentiated  by  good  specific  characters.  Of  the  Swedish  species.  C.  gotlandicus, 
C.  pinnulatus,  and  C.  nitidus  are  thoroughly  distinct.  Thus  there  are  left  C.  pngil,  C.  tucanns 
and  C.  interpres  on  the  other  side,  and  C.  foerstei  and  C.  bassleri  from  here,  through  which 
a migrational  connection  may  confidently  be  traced. 

No  member  of  the  family  has  yet  been  found  in  the  European  Devonian  or  Carbonifer- 
ous, but  in  America  it  occurs  in  most  of  the  principal  formations  from  the  Ordovician  to  the 
middle  of  the  Lower  Carboniferous,  viz.:  Black  River,  Trenton,  of  the  Ordovician;  Roches- 
ter, Waldron,  Laurel,  Brownsport  of  the  Silurian ; Helderbergian,  Oriskany,  Onondaga, 
Hamilton  of  the  Devonian ; New  Providence,  Burlington  and  Keokuk  of  the  Lower  Car- 
boniferous. 

It  is  recognized  that  among  the  known  species  belonging  to  this  family,  from  all  three 
of  the  countries  where  it  occurs,  there  are  some  which  might  form  the  types  of  new  genera. 
One  of  these  has  been  suggested  by  Dr.  Bather,  but  without  proposing  a name.  Mr.  Ulrich 
has  defined  several  others,  for  which  he  proposed  names  orally  at  the  New  Haven  meeting 
of  the  Paleontological  Society  in  1912.  It  is  not  my  purpose  to  enter  upon  these  questions, 
which  it  is  hoped  will  be  taken  up  again  bv  those  authors  with  a view  to  publication. 
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N onienclatnre 

The  broader  taxonomic  questions  relative  to  this  family,  as  presented  by  the  hitherto 
published  literature,  are  somewhat  complex,  and  have  given  rise  to  considerable  difference 
of  opinion.  They  have  been  discussed  by  Wachsmuth  and  Springer,^  Ulrich,^  Ringueberg  ® 
and  Bather.^ 

The  first  name  to  be  employed  for  a member  of  the  family  was  Calccocriiius  by  Hall  in 
1852.®  based  on  the  common  semicircular  basal  piece,  to  which  no  specific  name  was  given. 
In  i860  ® he  proposed  the  genus  Chcirocrinus,  with  C.  chrysalis,  a Silurian  species,  as  geno- 
type. This  name  being  preoccupied.  Meek  and  Worthen  in  1869  and  1873  proposed  Eiicheiro- 
crinus  to  replace  it,  with  the  same  species  for  genotype.  At  the  same  time  they  described  and 
figured  a species  as  Calceocriniis  bradleyi,^  and  in  connection  with  it  proposed  the  family 
name  Calceocrinidae,  saying:  “It  is  evident  that  this  remarkable  genus  differs  so  widely 
from  all  the  other  knoivn  types  that  it  must  be  regarded  as  belonging  to  an  entirely  distinct 
and  unnamed  family,  which  might  be  called  Calceocrinidae.”  In  1879®  published  a 

Silurian  species  as  Calceocriniis  stigmatus,  with  a description,  figures,  and  diagram  which  he 
said  “ illustrate  the  generic  structure.” 

In  1886  (op.  cit.,  p.  107)  Ulrich  proposed  the  genera  Crenuicrinns,  with  the  Ordovician 
C.  punctatiis  as  genotype;  Dcitacrinus,  based  upon  Cheirocrinns  clarus  Hall,  of  the  Middle 
Devonian,  as  genotype;  and  Halysiocrinus  Wxih.  C.  dactylus  Hall,  of  the  Lower  Carboniferous, 
as  genotype.  He  regarded  Calceocriniis  as  not  established,  on  the  ground  that  it  was  de- 
scribed without  a type  species,  and  therefore  proposed  the  name  Cremacrinidae  for  the  family 
instead  of  Calceocrinidae,  although  at  the  same  time  he  did  not  entirely  discard  Calceocriniis, 
but  listed  under  it  four  species  which  all  have  the  family  characters. 

In  1889  Ringueberg  (op.  cit.,  p.  392)  proposed  the  genus  Castocriniis  for  the  reception 
of  the  Ordovician  species  described  by  Billings  and  W.  R.  Billings,  and  some  new  species  of 
his  own  ; also  Proclivocriniis  for  a Silurian  form  clearly  identical  with  Euchcirocrinns.  He 
also  redescribed  Calceocriniis  from  specimens  identical  with  Hall’s  original,  together  with  a 
new  species  called  C.  typus  showing  the  correlated  characters,  to  serve  as  the  type  species. 
These  forms  were  illustrated  with  good  figures  and  diagrams,  by  which  the  generic  structures 
were  clearly  shown. 

Wachsmuth  and  Springer  in  part  3 of  their  Revision  of  the  Palaeocrinoidea,  1886,  pp.  273- 
281,  recognized  Calceocriniis  as  valid.  Bather  in  Crinoidea  of  Gotland,  1893,  pp.  54-99, 
accepted  Castocrinus,  Euchcirocrinns,  Halysiocrinns,  and  upheld  Calceocriniis,  under  which 
he  described  seven  species  from  the  Swedish  Silurian.  Both  of  these  authors,  as  well  as 
Ringueberg,  adopted  Meek  and  Worthen’s  family  name  Calceocrinidae. 

When  preparing  the  revision  of  the  chapter  on  the  Crinoidea  for  the  Zittel-Eastman 
Textbook  of  Palaeontology,  edition  of  1913.  I recorded  Euchcirocrinns  and  Halysiocrinns, 
but  included  Cremacrinus  and  Deltacriniis  in  place  of  Castocrinus  and  Calceocriniis. 
Re-examination  of  the  facts,  with  more  detailed  study  of  the  material  in  hand  than  I was  able 
to  give  it  at  that  time  on  account  of  the  pressure  of  other  work,  has  led  me  to  the  opinion 
that  the  arrangement  then  adopted  should  be  modified  in  some  respects. 

Cremacrinus  as  proposed  in  1886  was  described  as  having  a dorsal  or  centrodorsal 
(median)  and  two  lateral  arms,  symmetric,  one  on  each  side.  No  mention  was  made  of  the 

1 Revision  of  the  Palaeocrinoidea,  pt.  3,  1886,  pp.  273-281. 

- 14th  Ann.  Rep.  Geol.  Surv.  Minnesota,  1886,  pp.  105-112. 

3 Ann.  New  York  Acad.  Sci.,  4,  1889,  pp.  388-406  (separate  1-19). 

* Crinoidea  of  Gotland,  1893,  pp.  54-99. 

Pal.  New  York,  2,  1852,  p.  85,  figs.  3.  6. 

3 13th  Rep.  New  York  St.  Cab.  Nat.  Hist,  pp.  121-122. 

^ Proc.  Acad.  Nat  Sci.  Phil.,  1869,  p.  173:  Geol.  Snrv.  111.,  5,  1873,  PP-  443.  502. 

^ Ibid.,  Geol.  Surv.  TIL,  5,  1873,  p.  502,  pi.  14,  fig.  9. 

®28th  Rep.  N.  Y.  St.  Mus.  Nat.  Hist,  1879,  P-  I47,  pL  10,  figs.  9-11. 


102 


SMITHSONIAN  INSTITUTION 


fourth  arm,  which  is  clearly  specified  in  the  description  and  figure  of  Castocrinus.  But  it  now 
appears  upon  further  examination  in  the  light  of  subsequently  acquired  material  that  the 
fourth  arm  was  actually  present  in  the  type  specimen  of  Cremacrimis  punctatus,  now  in  the 
U.  S.  National  Museum.  Therefore  the  species  of  Cremacrimis  and  Castocrinus  are  generi- 
cally  identical,  and  Cremacriniis,  being  the  earlier  in  date,  will  be  valid  for  the  species  falling 
under  Form  A.  This  conclusion  is  reinforced  by  the  further  fact,  not  mentioned  in  the 
description  of  either,  that  all  species  referred  to  the  two  genera  in  which  it  can  be  seen  have 
the  stem  in  the  position  at  the  right  of  the  anal  tube,  which  is  such  a fundamental  character 
of  Form  A. 

That  the  fourth  arm  was  not  mentioned  in  the  original  description  of  Creniacrinus  was 
owing  to  the  imperfection  of  the  type  specimen  upon  which  the  genus  and  species  were 
founded.  This  was  apparently  well  preserved,  and  showed  the  median  and  two  lateral  arms, 
one  on  each  side,  as  described.  At  the  right  of  the  anal  tube,  however,  is  a V3.cant  space  about 
the  size  of  a lateral  arm  where  the  specimen  had  been  attached  tO'  the  rock,  and  from  the 
information  now  afforded  by  several  other  specimens  of  the  same  species  since  obtained,  it  is 
evident  that  the  missing  arm  was  imbedded  in  the  matrix  and  pulled  off  in  collecting  (pi.  28, 
figs.  16,  i6a).  With  our  present  understanding  of  the  structure,  traces  of  the  fourth  arm 
may  now  be  recognized  in  the  type,  but  with  no  other  guide  than  the  imperfect  original  it  was 
natural  that  the  author  should  describe  only  what  he  could  see,  and  frame  his  diagnosis 
accordingly. 

For  the  forms  which  had  formerly  been  referred  to  Calceocrimis,  and  which  would  now 
fall  under  Form  C,  preference  was  given  to  Deltacrimis,  which  as  before  stated  was  proposed 
to  take  the  place  of  Calceocrimis,  rejected  because  lacking  a type  species.  It  was  based  upon 
Cheirocrinris  darns  Hall  for  genotype,  a Middle  Devonian  species  represented  by  the  single 
type  specimen  from  the  Hamilton  of  New  York.  The  species  is  so  completely  non-characteristic 
of  the  Silurian  forms  belonging  to  Form  C,  that  I cannot  reconcile  the  genus  founded  upon  it 
with  the  highly  distinctive  characters  for  which  they  are  so  conspicuous.  It  entirely  lacks  the 
arched  axil-arm  system  by  which  Forms  C and  D are  distinguished  from  all  other  crinoids 
(text  figs.  iC,  D,  and  pi.  29,  figs.  7,  8,  9,  14,  20).  This  cannot  be  showin  better  than  by  the 
remarks  of  the  author  himself  in  his  paper  of  1886,  from  which  I take  the  following  extracts : 

On  page  no,  under  Halysiocrinus,  it  is  said: 

“ In  the  formation  of  the  dorsal  side  of  the  calyx  this  genus  is  precisely  Deltacrimis. 
The  only  difference  so  far  detected  is  found  in  the  number  of  arms.  In  Cremacrinus  we  have 
three  primary  radials,  and  in  Deltacrimis  five ; while  the  species  for  which  the  above  generic 
term  is  proposed  have  eleven,  one  large  central  arm  on  the  dorsal  side  and  ten  smaller  ones, 
the  first  pieces  of  which  project  abruptly  outward  and  extend  in  a curved  series  transversely 
around  the  ventral  side.  Their  inner  ends  articulate  with  the  ventral  arch.” 

By  comparing  my  diagrams  of  Forms  C and  D in  text-figure  i,  and  various  figures  of 
Calceocrimis  on  plate  29,  it  will  be  seen  that  they  have  exactly  the  characters  which  are  above 
ascribed  to  Halysiocrinus  as  distinguishing  it  from  Deltacrimis.  That  the  two  forms  cannot 
go  together  is  further  emphasized  by  the  author  in  the  continuation  of  his  discussion  on 
page  1 12: 

“ There  are  at  least  three  American  species  that  have  the  characters  ascribed  to  Halysio- 
criniis.  These  are  the  C.  dactyliis  and  C.  nodosus  Hall,  and  the  C.  wachsmuthi  M.  & W..  the 
first  and  last  from  the  Burlington  limestone  and  the  second  from  the  Keokuk  Gr.  Besides 
these  the  Chcirocrinns  Gotlandiciis  of  Angelin  is  an  unquestionable  member  of  the  genus 
....  In  the  construction  of  the  body  and  in  the  possession  of  a strong  dorsal  arm,  these 
species  do  not  differ  from  Dcltacrinus.  The  lateral  arms,  however,  differ  conspicuously  from 
all  the  species  of  both  Cremacrinus  and  Deltacrimis  in  being  much  more  numerous,  subequal, 
and  extending  completely  around  the  ventral  side  ....  The  ventral  arms  give  to  these  cri- 
noids a different  appearance  from  that  presented  by  the  more  simple  species  of  Cremacrinus 
and  Deltacrimis.  In  my  opinion  they  constitute  an  important  dezmtion  from  the  type  of  those 
genera,  and  fully  zaarrant  generic  separation.’’ 
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That  is  to  say,  in  the  opinion  of  the  author  himself,  species  having  the  axil-arm  system, 
borne  on  short  faces  of  successive  axillaries,  arching  around  to  the  anal  side — Forms  C and  D 
of  my  diagrams — do  not  belong  under  Deltacrimis,  and  should  be  separated  from  it 
genericallyd 

Therefore,  whatever  else  D eltacrinus  may  be,  it  cannot  include  the  Silurian  species  which 
come  under  Form  C.  They  are,  however,  clearly  covered  by  the  genus  Calceocrinus  Hall,  if 
not  as  described  and  figured  by  him  in  1879  Ruder  the  name  Calceocrinus  stigrnatus,  then 
certainly  as  amended  and  redescribed  by  Ringueberg  in  1889  under  C.  halli  as  the  original 
unnamed  species  of  Hall,  and  a new  species,  C.  typus,  showing  the  correlated  characters,  for 
a genotype.  I have  no  doubt  that  Ringueberg’s  identification  of  Hall’s  original  Calceocrinus 
was  correct,  and  that  it  is  congeneric  with  C.  halli  and  C.  typus  (pi.  29,  figs.  17,  18,  19).  There 
are  two  known  generic  forms  of  the  hinged  crinoid  in  the  New  York  Silurian,  and  they  can 
be  distinguished  by  the  base  alone,  without  the  aid  of  other  charaqters : 

1.  With  4 basals ; in  which  the  two  left  basals,  those  in  the  middle  next  to  the  hinge, 
retain  the  characters  of  the  Ordovician  form,  being  in  contact  with  the  stem  by  their  narrow 
points,  their  outer  sides  making  a sinuous  curve,  and  being  still  divided  but  with  a tendency 
to  coalesce  and  their  dividing  suture  to  become  obsolete.  This  is  Hall’s  Chcirocrinus  (Eucheiro- 
criniis  M.  and  W.).  His  figure  in  the  13th  Report,  i860,  page  123.  is  incorrect  in  that  it  does 
not  show  the  two  small  basals  touching  the  stem-facet  or  divided,  though  it  does  indicate  the 
curving  of  the  sides ; but  both  the  missing  characters  appear  in  the  type  specimen,  as  here 
figured,  plate  29,  figure  ic,  confirmed  by  numerous  other  identical  specimens  from  the  same 
locality,  some  of  them  figured  by  Ringueberg  (his  pi.  10,  figs.  6,  yb,  13),  and  herein  (pi.  29, 
fig.  2).  Errors  in  the  original  description  or  figure  due  to  incorrect  observation  or  imperfect 
material  cannot  control  the  definition  where  the  actual  fact  is  shown  by  the  tvpe  and  identical 
specimens.  The  habitus  of  this  base  is  thoroughly  characteristic,  recognizable  at  a glance; 
any  New  York  Silurian  species  with  that  type  of  base  must  be  Chcirocrinus,  and  any  one  with 
a different  type  of  base  cannot  be  Chcirocrinus. 

2.  With  3 basals ; in  which  the  two  left  basals  are  detached  from  the  stem  and  fused 
into  a single  triangular  plate.  Any  species  with  such  a base  cannot  be  Cheirocrimt-s  as  deter- 
mined by  the  type,  regardless  of  how  the  name  may  have  been  applied  by  authors,  including 
Hall  himself,  who  listed  species  having  both  forms  of  base  under  Chcirocrinus  of  the  13th 
Report.,  and  shifted  them  to  Calceocrinus  in  the  28th  Report.  But  such  a base  is  precisely  that 
of  Calceocrinus  halli,  C.  typus,  or  any  of  the  numerous  species  falling  under  Form  C (perhaps 
excepting  one  in  Gotland).  Hall’s  original  Calceocrinus  must  be  one  or  the  other  of  these  two 
forms.  His  figure  (Pal.  New  Yoi'k,  2,  pi.  85,  fig.  5)  shows  a base  with  a triangular  plate 
fitting  into  a much  larger  somewhat  lunate-shaped  piece,  having  the  column-facet  widely 
separate  from  the  triangular  plate  (pi.  29,  fig.  18).  The  description  speaks  of  only  two  plates 
visible,  but  adds  that  the  plates  are  so  closely  anchylosed  as  to  obscure  or  obliterate  the  lines 
of  suture. 

The  fact  that  he  mentions  only  two  plates  is  not  material,  for  we  know  there  must  have 
been  a suture  from  the  apex  of  the  triangle  through  the  stem-facet,  as  is  the  case  in  every 
species  of  the  entire  family ; so  that  the  lunate-shaped  piece  into  which  the  triangular  plate 
fitted  necessarily  consisted  of  the  two  large  basals,  making  the  three  which  were  correlated 
with  the  axil-arm  system  of  Forms  C and  D.  It  is  immaterial,  because  the  undivided  trian- 
gular plate  is  the  decisive  character,  which  excludes  Cheirocrinus,  defines  what  the  original 
Calceocrinus  is,  and  determines  the  fact  that  it  must  be  congeneric  with  C.  halli  and  C.  typus. 
It  cannot  be  anything  else. 

Therefore  Ringueberg’s  identification  of  Calceocrinus  as  his  C.  halli  was  founded  upon 
an  unmistakable  diagnostic  character  of  generic  value,  clearly  expressed  in  the  original  de- 

1 Dcltacrinus  dactylns  and  D.  nodosus,  Smithsonian  Misc.  Coll.,  vol.  76,  No.  3,  1923,  p.  19,  pi.  5,  figs.  20, 
21,  should  be  written  Halysiocrinu.';. 
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scription  and  figure ; and  he  was  entitled  to  amend  the  genus  by  setting  out  the  other  corre- 
lated characters  which  go  with  it.  Thus  there  can  be  no  reasonable  doubt  of  the  validity  of 
the  genus  as  of  one  or  the  other  of  the  above  dates. 

With  the  genus  thus  validated  and  recognized,  it  would  seem  that  the  family  name 
Calceocrinidae  proposed  by  Meek  and  Worthen  in  1873,  and  adopted  by  De  Loriol,  Wachsmuth 
and  Springer,  Ringueberg,  S.  A.  Miller,  P.  H.  Carpenter  and  Bather,  will  have  to  stand. 

From  these  considerations  it  follows  that  the  four  stages  of  the  family  herein  discussed 
are  logically  expressed  by  the  following  genera,  the  relations  of  which,  in  their  broader  aspects, 
may  be  thus  summarized  : 


Analysis  of  the  Genera 

Radials  2 simple,  3 compound,  connected  with  basals  by  muscular  articulation  instead 
of  suture,  admitting  mobility  of  crown  upon  base  as  by  a hinge,  and 
consequent  bending  upon  the  stem  to  a pendent  or  recumbent  posi- 
tion   Calceocrinidae. 

Form  A.  Arm-bearing  rays  4 (median  and  3 lateral)  ; stem  at  right  of  anal  tube, 
and  bilateral  symmetry  disturbed.  lAx  equal-faced ; arms  heteroto- 
mous  ; BB  4.  Ordovician  to  Silurian Cremacriniis. 

All  others.  Arm-bearing  rays  3 (median  and  2 lateral)  ; stem  in  plane  of  anal  tube, 
and  bilateral  symmetry  restored ; lAx  unequal-faced. 

Form  B.  Lateral  arms  unequally  dichotomous,  with  few  branches;  BB  4;  Silu- 
rian   Eucheirocrinus. 

C and  D.  Lateral  arms  heterotomous,  branching  numerously  with  axil-arm  sys- 
tem from  unequal-faced  axillaries ; BB  3. 

Form  C.  R.  post,  and  r.  ant.  inferradials  separated  by  subanal  piece;  main 
branch  of  axil-arms  may  be  hidden  by  outer  ramule;  segments  of 
1.  ant.  R usually  separated  ; fused  basal  usually  triangular  and  narrower 
than  hinge;  median  arm  usually  simple.  Silurian Calccocrinits. 

Form  D.  Inferradials  meet  under  anal  v ; main  branch  of  axil-arm  always 
more  or  less  visible ; segments  of  1.  ant.  R.  always  separated ; fused 
basal  usually  curved  and  about  as  wide  as  hinge ; median  arm  fre- 
quently branching.  Devonian  to  Carboniferous Halysiocrinus. 
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CREMACRINUS  Ulrich 
Plate  28 

Cremacrimis  Ulrich,  14th  Ann.  Rep.  Geol.  Surv.  Minnesota,  1886,  p.  wy.—Castocrinus  Ringueberg,  Ann. 
New  York  Acad.  Sci.,  4,  1889,  p.  392. — Bather,  Crin.  Goth,  1893,  pp.  56,  61 ; Treatise  on  Zooh,  Echino- 
derma,  3,  1900,  p.  148. — Zittel,  Grundziige  Pah,  i,  1910,  p.  152. — Cremacrimis  Zittel-Eastman,  Textb. 
Pah,  2d  ed.,  1913,  p.  213. — Bassler,  Bibliogr.  Index,  Bull.  92,  U.  S.  Nat.  Mus.,  1915,  p.  288. 

Arm-bearing  rays  4.  Calyx  unsymmetric.  Stem  not  in  plane  of  anal  tribe, 
blit  lying  to  the  right  of  it.  Median  (1.  ant.)  arm  simple,  or  branching  once;  the 
inferradial  of  its  compound  radial  quadrilateral,  connecting  with  siiperradial : 
])rimibrach  always  short.  I.ateral  arms  3,  two  on  ant.  side  and  one  on  1.  post., 
each  dividing  into  two  equal  and  symmetrical  rami,  heterotomoiis,  bearing  alter- 
nate ramiiles  at  intervals  of  2,  3,  or  sometimes  4 brachials;  primibrachs  2,  the 
axillary  with  articulating  faces  equal.  R.  post,  superradial  supporting  anal 
tube,  and  r.  ant.  superradial  the  r.  ant.  arm,  which  is  usually  smaller  than  ant. ; 
the  two  superradials  meeting  above  the  stem-facet;  r.  post,  and  r.  ant.  infer- 
radials  separated  from  one  another  and  from  anal  x by  their  respective  super- 
radials. Basals  4,  all  in  contact  with  the  stem;  the  two  left  BB  entering  into,  or 
touching  by  their  points  the  stem-facet;  also  much  narrower  than  the  others, 
and  their  outer  sides  making  a reverse  curve.  Proximal  margin  of  radials  bor- 
dering hinge  often  strongly  denticulate. 

Genotype.  Cremacrinus  punctatus  Ulrich. 

Distribution.  Ordovician  and  Silurian  ; America. 

A widely  distributed  form  of  the  Trenton  or  underlying  horizons,  occurring  at  various 
localities  in  Canada,  New  York,  Minnesota  and  Kentucky,  from  which  seven  species  have 
been  described,  and  passing  up  into  the  Silurian  in  Tennessee,  with  four  hitherto  undescribed 
species  herein  illustrated.  It  is  not  known  outside  of  America.  The  genus  forms  a section 
by  itself,  broadly  differentiated  from  all  others  of  the  family  by  its  3 heterotomous  lateral 
arms  and  asymmetric  stem. 


Cremacrinus  ulrichi  new  species 
Plate  28,  figs,  i,  2 

Crown  relatively  large  for  the  genus,  about  40  mm.  high  in  two  specimens. 
Median  (1.  ant.)  arm  fairly  strong  at  the  base,  about  as  long  as  the  adjacent 
lateral  arms,  and  tapering  to  a narrow  point;  consisting  of  about  7 brachials, 
long  and  slender  beyond  the  short  IBr ; inferradial  elongate  rectangular,  broadly 
connecting  with  superradial.  Main  rami  of  ant.  and  1.  post,  arms  giving  off 
from  successive  series  of  2 or  3 brachials — Alphabrachs,  Betabrachs,  etc. — 
alternately  at  each  side  a large  ramule  the  full  length  of  the  arm,  composed  of 
one  short  and  several  long  ossicles,  ending  with  an  equal  bifurcation,  to  a total 
of  6 or  7 ramules  to  each  ramus.  R.  ant.  arm  much  smaller  than  the  others,  and 
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its  two  slender  rami  having-  fewer  branches.  I.ateral  IBr  2.  Anal  tube  not  ex- 
posed. Stem  in  largest  specimen  14.5  cm.  long,  diminishing  distalwards;  col- 
umnals  about  2 mm.  long  except  in  the  proximal  part,  where  they  become  much 
shorter  and  cuneate  in  the  curve. 

This  species  is  founded  upon  two  crowns,  one  of  which  has  the  stem  nearly  complete. 
Both  are  exposed  from  the  anterior  side  only,  so  that  we  are  without  information  as  to  the 
character  of  the  anal  series  and  tube.  The  relative  length  and  slenderness  of  the  brachials 
impart  a certain  lightness  and  delicacy  of  construction  which  is  in  contrast  to  that  of  the 
accompanying  species.  In  superficial  appearance  of  this  and  the  following  species  there  is 
a considerable  resemblance  to  the  Calceocrinus  gotlandicus  of  Angelin,  but  the  fine  illustrations 
of  that  species  in  Dr.  Bather’s  work  give  no  indication  of  any  of  the  generic  characters  which 
are  here  so  pronounced ; its  mode  of  arm-branching,  however,  represents  an  intermediate  stage 
between  the  two  equal  rami  of  Creinacrimis  and  the  complete  axil-arm  system  of  the  typical 
Calceocrinus  and  Halysiocrinits. 

The  specific  name  is  in  honor  of  the  eminent  geologist  and  paleontologist,  Mr.  E.  O. 
Ulrich,  of  the  United  States  Geological  Survey  and  the  National  Museum. 

Horizon  and  locality.  Eucalyptocrinus  zone  of  the  Beech  River  formation,  Brownsport 
group,  Niagaran;  Tuck’s  Mill,  Decatur  County,  Tennessee. 


Cremacrinus  tubuliferus  new  species 
Plate  28,  figs,  g,  ga,  b,  4,  4a,  b,  5,  ga,  6 

Crown  uniformly  small,  ranging  in  height  from  20  to  23  mm.  in  five  speci- 
mens. Cup  elongate,  quadrangular,  but  little  constricted;  average  height  6 mm. 
to  width  at  hinge  of  4.5  mm.  Median  (1.  ant.)  arm  short  and  slender,  tapering 
to  a narrow  point  and  not  reaching  the  height  of  the  adjacent  lateral  arms;  with 
few  very  long  brachials,  sometimes  only  2 or  3 in  all  beyond  the  short  primi- 
brach;  inferradial  truncate,  broadly  connecting  with  triangular  superradial. 
Main  rami  of  adjacent  (ant.  and  1.  post.)  lateral  arms  have  from  6 to  9 axillary 
brachials  each,  nodose  and  prominent,  giving  off  alternate  ramules  with  very 
long  ossicles  beyond  the  first,  reaching  the  full  height  of  the  arms,  from  succes- 
sive series  of  two  or  three  brachials — Alphabrachs,  Betabrachs,  etc. — ending 
in  an  ecjual  bifurcation;  thus  there  are  12  to  18  finials  to  each  of  these  arms; 
r.  ant.  arm  similarly  divided  into  two  rami,  but  greatly  dwarfed  in  size,  much 
narrower  at  the  primibrach,  shorter  than  the  other  arms  and  having  fewer  and 
smaller  ramules.  In  one  specimen  where  the  anterior  arm  is  18  mm.  long,  the 
r.  ant.  arm  bifurcates  finally  at  about  9 mm. ; and  in  two  specimens  having  both 
arms  perfectly  exposed  the  area  covered  by  the  anterior  arm  is  about  four  times 
that  of  the  r.  ant.  Lateral  IBr.  2.  Anal  series  extended  into  a massive  tube, 
exceeding  in  diameter  any  of  the  arms,  and  apparently  ecjualing  them  in  length, 
sometimes  curving  outward  like  a bow.  Stem  prominent  at  right  of  the  tube, 
stout,  with  columnals  beyond  the  proximal  curve  1.5  to  2 mm.  long;  in  one  speci- 
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men  it  is  about  complete,  attaining  a length  of  9.5  cm.,  and  tapering  to  a narrow 
distal  end. 

The  outstanding  character  of  this  remarkable  species  is  the  relatively  enormous,  curved 
anal  tube.  It  is  represented  by  a wonderful  series  of  six  specimens,  four  of  them  having  the 
tube  intact,  which  are  all  figured,  in  order  to  show  that  the  dwarfing  of  the  fourth  arm  is  no 
mere  sporadic  occurrence  but  a definite  process ; a fifth,  with  the  stem  complete,  has  the  tube 
plates  displaced,  and  the  sixth  is  fragmentary.  Another  striking  character  of  this  and  some 
of  the  associated  species  is  the  great  length  of  brachials  in  the  median  arm,  and  of  the  ossicles 
in  the  ramules — except  the  first  which  is  always  short — reaching  sometimes  five  times  their 
width ; this  would  seem  to  make  for  lessened  flexibility  in  the  arms.  In  two  of  the  specimens, 
figures  3 and  4,  I have  been  able  to  free  the  crowns  completely  from  the  matrix,  so  that  in 
both  all  the  lateral  arms  may  be  inspected  and  compared,  and  the  abnormal  position  of  the 
stem  clearly  seen — thus  furnishing  a full  exposition  of  the  essential  characters  of  the  genus ; 
in  one  the  tube  is  visible  from  both  sides. 

Horizon  and  locality.  Eucalyptocrinus  zone  of  Beech  River  formation,  Brownsport 
group,  Niagaran;  Tuck’s  Mill,  Decatur  County,  Tennessee. 

Cremacrinus  decatur  new  species 
Plate  28,  fig.  7 

Similar  to  C.  tubiilifcrns,  but  larger,  the  crown  being  35  mm.  high,  with 
distal  end  incomplete.  Median  arm  relatively  stout,  quite  in  contrast  to  that 
of  the  two  preceding  species;  2 long  brachials  of  about  3.5  mm.  are  preserved 
beyond  the  short  primibrach,  and  judging  by  the  taper  there  were  probably  one 
or  two  more.  Anterior  arm  has  6 axillary  brachials  in  each  ramus,  giving  off 
ramules  with  very  long  ossicles  after  the  first  alternately  to  a total  of  12,  and 
perhaps  one  or  two  more  at  the  broken  distal  end ; interposed  brachials  mostly 
in  series  of  two,  the  upper  one  often  long  enough  for  a third ; r.  ant.  arm  less 
than  one  fourth  the  size  of  ant.,  and  apparently  branching  only  two  or  three 
times;  IBr  2.  Anal  plates  and  tube  not  visible,  only  the  anterior  side  being 
exposed.  Stem  stout,  with  long  columnals,  those  beyond  the  proximal  curve 
being  2.5  mm.  long. 

The  species  is  based  upon  a single  very  perfect  crown,  slightly  broken  at  the  distal  end, 
and  imbedded  at  one  side ; if  it  had  a curved  anal  tube  it  would  stand  rather  close  to  the  last 
species,  but  the  strong  median  arm  is  characteristic.  The  difference  in  size  of  the  anterior  and 
right  anterior  arms  is  most  pronounced,  the  area  covered  by  the  former  being  about  five  times 
that  of  the  latter.  It  is  from  a much  higher  horizon  than  any  of  the  other  species,  in  a forma- 
tion that  has  yielded  a number  of  crinoids  with  markedly  distinct  characters. 

Horizon  and  locality.  Decatur  limestone,  Niagaran ; near  Rise  Mill,  Perry  County, 
Tennessee. 

Cremacrinus  simplex  new  species 
Plate  28,  figs.  8,  8a 

Of  a very  different  aspect  from  any  of  the  preceding,  in  the  small  number 
of  arm-branches,  and  their  dichotomous  bifurcation,  which  might  well  warrant 
a reference  to  a new  genus.  Crown  small,  28  mm.  in  height.  Median  arm  fairly 
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stout,  reaching  the  full  height  of  the  crown ; it  consists  of  4 very  long  brachials 
beyond  the  short  primibrach,  tapering  to  a narrow  end ; 1.  ant.  inferradial  quad- 
rilateral, fairly  wide.  IBr  of  lateral  arms  2.  L.  post,  arm  dividing  on  second 
primibrach  into  two  rami,  the  inner  one  bearing  a long  branch  on  the  second 
Alphabrach,  and  bifurcating  on  the  second  Betabrach  into  two  equal  branches ; 
the  outer  ramus  divides  in  a similar  way,  but  begins  on  the  first  Alphabrach. 
Thus  there  are  only  6 branches  on  that  side,  in  contrast  to  the  12  to  18  ramules 
of  other  species,  and  these  are  rather  of  the  dichotomous  type  than  the  heteroto- 
mous.  The  arm  arrangement  on  the  anterior  side  is  different;  the  anterior  arm 
divides  into  two  large  apparently  unbranched  rami,  and  the  r.  ant.  arm,  decid- 
edly smaller  than  the  former,  has  an  unbranched  inner  ramus,  while  the  outer 
branch,  next  to  the  anal  series,  divides  again  into  slender  finials  scarcely  more 
than  half  the  length  of  the  other  arms.  Brachials  on  both  sides  long  and  slender, 
similar  to  those  of  the  median  arm.  Anal  series  strongly  rounded,  to  the  left 
of  stem.  Stem  stout,  asymmetric  in  position,  with  fairly  long  columnals,  about 
1.2  mm.  beyond  the  curve. 

The  species  is  founded  upon  a single  specimen,  associated  with  the  first  two  preceding ; 
it  is  a complete  crown,  exposed  on  both  sides,  and  having  a short  section  of  stem  attached. 
It  may  be  regarded  as  an  intermediate  stage  between  Forms  A and  B,  the  latter  being  dis- 
tinctly foreshadowed  in  the  arm  arrangement,  while  it  wholly  lacks  the  ramule-bearing  feature 
of  the  former.  Yet  the  presence  of  the  fourth  arm,  and  the  asymmetric  position  of  the  stem, 
determine  its  close  relation  to  the  Ordovician  type,  beyond  question,  thus  furnishing  another 
unmistakable  link  in  the  chain  of  evolutionary  modifications  so  conspicuous  in  the  history  of 
this  family. 

Horizon  and  locality.  Eucalyptocrinus  zone  of  Beech  River  formation,  Brownsport 
group,  Niagaran ; near  Tuck’s  Mill,  Decatur  County,  Tennessee. 


Cremacrinus  articulosus  (Billings) 

Plate  2S,  figs,  p-ig 

Heterocrlnus  articulosus  Billings,  Geol.  Snrv.  Canada,  Dec.  4,  1859,  p.  51,  pi.  4,  fig.  8. — Castocrinus 
articulosus  Ringueberg,  Ann.  New  York  Acad.  Sci.,  4,  1889,  p.  395,  pi.  10,  fig.  4. — .Springer,  A Tren- 
ton Echinoderm  Fauna,  Mem.  15-P,  Geol.  Surv.  Canada,  1911,  p.  25. 

I am  illustrating  this  species  rather  fully  chiefly  to  show  the  incipient 
dwarfing  of  the  r.  ant.  arm  in  the  Ordovician  stage  of  the  g'enus.  It  has  been 
known  heretofore  only  from  very  scant  material,  consisting  solely  of  the  im- 
perfect type  specimen  from  Ottawa,  Canada,  which  was  refigured  by  Ringue- 
berg. The  single  arm  preserved  shows  very  clearly  the  strongly  nodose  axil- 
laries  which  constitute  its  leading  character.  Our  knowledge  of  this  rare  form 
has  been  enlarged  in  recent  years  by  the  acquisition  of  a fine  series  of  specimens 
from  Kirkfield,  in  Ontario,  in  exquisite  preservation,  by  which  all  the  charac- 
ters are  brought  out  in  detail.  These  are  supplemented  by  an  excellent  specimen 
from  an  equivalent  horizon  in  Kentucky.  By  a selection  from  this  material  the 
heterotomous  structure  of  the  two  equal  rami  of  the  lateral  arms,  with  their 
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5 to  7 ramiiles  given  off  at  intervals  of  2,  3 or  4 brachials,  is  thoroughly  shown, 
and  the  fourth  arm,  beginning  the  process  of  atrophy  by  which  it  is  eventually 
eliminated,  can  be  seen  and  studied.  The  area  which  it  occupies  is  about  one 
half  that  of  the  permanent  lateral  arms.  The  median  arm  is  long  and  slender, 
with  17  to  20  short  brachials,  either  ending  beyond  these  in  a narrow  point  or 
in  an  equal  bifurcation  of  very  slender  finials.  The  cup  is  but  little  constricted, 
with  height  and  width  about  the  same.  Surface  in  well  preserved  specimens 
somewhat  punctate. 

H orison  and  locality.  Trenton  (Curdsville),  Ordovician;  Ottawa  and  Kirkfield,  Canada, 
and  Woodford  County,  Kentucky.  This  horizon  is  somewhat  higher  than  that  of  C.  punctatus. 

Cremacrinus  kentuckiensis  (Miller  and  Gurley) 

Plate  28.  figs.  14,  14a,  15 

Calceocrinus  kentuckiensis  Miller  and  Gurley,  Bull.  5,  Illinois  State  Museum,  1894,  p.  29,  pi.  2,  figs.  24,  25. 

This  species,  of  somewhat  coarser  construction  than  C.  articalosiis,  is  in- 
troduced with  two  specimens  from  the  Trenton  of  Kentucky  on  account  of  the 
striking  manner  in  which  they  illustrate  the  peculiar  relation  in  this  genus  of 
the  stem  and  anal  tube.  In  figure  15  the  tube  occupies  the  middle  space  between 
the  two  arms  at  the  posterior  side,  whieh  in  erinoids  generally  would  be  in  the 
plane  of  bilateral  symmetry.  But  that  is  not  the  case  here,  because  the  arm  that 
is  seen  lying  to  the  right  of  it  is  the  fourth,  or  odd,  arm,  thus  giving  two  arms 
on  that  side  as  against  only  one  on  the  other.  This  would  result  in  a complete 
loss  of  balance  between  the  respective  sides — a condition  that  is  contrary  to  the 
whole  tendency  of  the  echinoderm  organization — were  it  not  that  the  equilibrium 
is  preserved  by  the  location  of  the  stem  in  the  plane  of  imperfect  bilateral  sym- 
metry passing  through  it  and  the  median  arm,  leaving  the  anal  tube  in  contact 
with  the  left  posterior  arm  as  it  was  before ; thus  these  two  form  a counterpoise 
to  the  two  arms  at  the  right,  and  the  stem,  instead  of  the  anal  tube,  occupies 
the  true  middle  position  with  regard  to  the  calyx  as  a whole,  as  shown  in 
figure  14a.  When  the  odd  arm  atrophies  in  the  next  stage  of  the  family,  there 
must  be  a different  arrangement  in  order  to  maintain  a balance  between  the 
two  sides,  which  have  now  become  equal,  with  one  large  simple  radial  at  each 
side.  This  is  effected  by  the  shifting  of  the  stem  into  the  same  plane  with  the  anal 
tube,  thus  establishing  the  perfect  bilateral  symmetry  characteristic  of  the  suc- 
ceeding g'enera. 

The  r.  ant.  arm  in  both  specimens  is  markedly  smaller  than  the  other  lateral  arms,  as  may 
be  seen  in  figure  15,  where  one  ramus  of  each  arm  adjoining  the  anal  tube  is  visible  on  either 
side  and  their  relative  sizes  may  be  compared.  The  median  arm  in  this  species  is  relatively 
shorter  and  stouter  than  in  C.  articulosiis,  and  bifurcates  on  about  the  14th  brachial  into 
fairly  strong  branches. 

Horizon  and  locality.  Trenton  (Curdsville),  Ordovician;  near  High  Bridge,  Mercer 
County,  Kentucky. 
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Cremacrinus  punctatus  Ulrich 
Plate  28,  figs.  16-20 

Cremacrinus  punctatus  Ulrich,  14th  Ann.  Rep.  Geol.  Surv.  Minnesota,  1886,  p.  107,  fig.  i. 

This  species  is  figured  here  in  order  to  correct  the  error  in  the  original 
description  due  to  imperfect  material,  by  which  it  appeared  to  have  only  two 
lateral  arms,  one  on  each  side.  It  has  the  four  arms  characteristic  of  the  genus, 
one  median  and  three  lateral,  unsymmetric.  The  fourth  arm,  right  anterior, 
which  owing  to  injury  is  missing  in  the  type  (fig.  i6a),  is  present  in  several 
specimens  subsequently  acquired  from  the  same  locality  and  horizon,  as  shown 
by  figures  17,  18,  and  19,  but  in  none  of  them  are  all  the  side  arms  preserved 
to  their  full  length.  So  far  as  can  be  observed,  the  fourth  arm  does  not  appear 
to  be  materially  smaller  than  its  fellows,  which  would  lead  to  the  inference  that 
in  this  species,  derived  from  an  earlier  formation  than  the  Canadian  species, 
the  process  of  elimination  by  dwarfing  of  the  fourth  arm  had  not  yet  begun. 

The  median  arm  is  preserved  to  the  end  in  one  specimen,  where  it  consists  of  21  bra- 
chials,  the  last  one  axillary,  and  becomes  very  slender.  One  ramus  of  the  left  posterior  arm  is 
also  intact,  showing  7 ramules,  with  two  more  added  by  a terminal  bifurcation.  The  position 
of  the  stem  to  the  right  of  the  anal  tube  in  the  hollow  of  the  right  posterior  interray  is  ad- 
mirably shown  by  figure  17,  with  the  deep  indentation  resulting  from  contact  when  the  crown 
was  recumbent.  Another  sirecimen,  figure  20a-,  gives  an  excellent  picture  of  the  hinge,  with 
its  denticulate  margin  and  numerous  “ supplementary  plates.”  The  cup  in  this  species  is 
slightly  constricted,  widening  downwards,  height  to  greatest  width  as  6 to  6.5 ; primibrachs  2 ; 
brachials  in  series  of  2 and  3. 

Horizon  and  locality.  Black  River  (Decorah),  Ordovician,  below  the  horizon  of  C.  artic- 
ttlosns;  Minneapolis,  Minnesota. 

Additional  species  referable  to  Cremacrinus  are  Calceocrinus  furcillatus  and  C.  rugosus 
of  W.  R.  Billings,  and  Castocrinus  billingsianus  Ringueberg,  all  from  the  Trenton  of  Canada. 
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EUCHEIROCRINUS  Meek  and  Wortheii 
Plate  2g 

Cheirocrinus  Hall  (not  Eichwald),  13th  Rep.  New  York  St.  Cab.  Nat.  Hist.,  i860,  p.  122. — Eticheirocrinus 
Meek  and  Worthen,  Proc.  Acad.  Nat.  Sci.  Phil.,  1869,  p.  73;  Geol.  Surv.  Illinois,  5,  1873,  pp.  443, 
502. — Bather,  Crinoidea  of  Gotland,  1893,  pp.  56,  61,  fig.  i^b. — Zittel-Eastman,  Textb.  Pal.,  2d  ed., 
1913,  p.  213. — Bassler,  Bibliographic  Index,  Bull.  95,  U.  S.  Nat.  Mus.,  1915,  p.  508. — Proclivocrinus 
Ringueberg,  Ann.  New  York  Acad.  Sci.,  4,  1889,  p.  396  (sep.,  p.  9). 

Arm-bearing  rays  3,  the  r.  ant.  arm  having  entirely  disappeared.  Stem 
shifted  back  to  median  position  in  plane  of  anal  tube,  and  perfect  bilateral  sym- 
metry restored.  Median  arm  simple  or  branching;  segments  of  its  1.  ant.  com- 
pound radial  usually  narrowdy  connected,  inferradial  widening  downward. 
Lateral  arms  symmetric,  one  on  a side;  unequally  dichotomous,  dividing  into 
two  branches,  which  bifurcate  once  or  twice  again;  r.  post,  and  r.  ant.  super- 
radials  fused  to  form  subanal  piece  supporting  anal  tube,  and  separating  the 
respective  inferradials  from  one  another  and  from  anal  x.  Lateral  primibrachs 
usually  2,  the  axillary  with  unequal  faces.  Basals  4,  as  in  Creinacrinus,  with 
suture  between  left  BB  sometimes  obscure. 

Genotype.  Cheirocrinus  chrysalis  Hall. 

Distribution.  Silurian  ; America,  England. 

This  Silurian  form  has  thus  lost  the  fourth  arm,  and  recovered  the  symmetric  position 
of  the  stem,  but  has  not  yet  acquired  the  doubly  heterotomous  mode  of  branching  of  the  two 
lateral  rays,  which  marks  the  axil-arm  system — although  the  unecjual-faced  primibrach  prob- 
ably forms  the  first  step  towards  it.  The  arm  structure,  although  in  the  main  rather  simple, 
is  subject  to  considerable  variation.  In  the  typical  form  the  lateral  arm  divides  on  the  axillary- 
second  primibrach,  and  branches  again.  The  median  arm  typically  is  simple,  or  only  diwd'es 
high  up,  while  in  E.  Ontario  and  the  English  species  E.  anglictis  it  branches  near  the  calyx  and 
at  least  twice  above.  In  E.  chrysalis  this  arm  is  relatively  massive,  and  in  the  other  two  species 
its  robustness  is  compensated  by  the  lower  and  more  numerous  bifurcations.  Thus  the  arms 
in  this  genus  may  be  considered  to  be  in  a state  of  flux,  leading  toward  the  axil-arm  plan.  In 
the  connection  of  the  segments  of  1.  ant.  radial  it  represents  a rather  intermediate  stage  between 
the  Ordovician  Cremacrinus  and  the  Devonian  and  Carboniferous  Halysiocrinus,  the  tendency 
being  for  the  inferradial  to  become  narrower  upward.  The  base  remains  substantially  as  in 
Cremacrinus,  the  unfused  left  BB  together  being  small,  touching  the  stem,  and  having  the  same 
characteristic  curved  outline,  with  a tendency  to  coalesce,  which  became  a fixed  character  in 
the  succeeding  genera. 

’ The  genus  as  now  understood  has  a considerable  distribution,  from  New  York,  Canada, 
Indiana  and  Tennessee  in  America  to  Dudley  in  England.  It  is  essentially  Silurian,  but  it 
may  be  that  Calceocrinus  barrandei  Walcott,  from  the  Trenton,  should  be  referred  to  it. 
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Eucheirocrinus  chrysalis  (Hall) 

Plate  2p,  figs,  i,  la-c,  2,  g 

Chcirocrinus  chrysalis  Hall,  i3tli  Rep.  New  York  St.  Cab.  Nat.  Hist.,  i860,  p.  122,  diagrams  1-5;  28th 
Rep.,  1879,  P-  147.  fig-  2. — Eucheirocrinus  chrysalis,  Meek  and  Worthen,  Proc.  Acad.  Nat.  Sic.  Phil., 
1869,  p.  73;  Geol.  Siirv.  Illinois,  5,  1873,  p.  443,  502. — Proclivocrinus  chrysalis  Ringueberg,  Ann. 
New  York  Acad.  Sci.,  4,  1889,  p.  399  (12),  pi.  10,  figs.  2,  13. — Proclivocrinus  radictilus  Ringueberg, 
ibid.,  p.  397  (10),  pi.  ?,  fig.  6. 

The  genotype.  To  facilitate  comparison  of  the  generic  characters  I am 
figuring  the  type  specimen  from  the  Rochester  shale  of  the  Silurian  at  Lock- 
port,  New  York,  together  with  some  others  from  the  same  locality.  In  the  type 
the  suture  dividing  the  left  BB  is  indistinct,  but  can  be  seen  in  strong  sunlight. 
In  these  specimens  the  outer  articulating  face  of  the  axillary  primibrach  ex- 
ceeds the  inner  in  width  about  as  4 to  3.  I also  give  herewith  some  diagTams  to 
illustrate  the  variations  in  arm  structure  of  this  and  the  two  species  showing 
the  greatest  departure  from  type,  E.  Ontario  and  E.  anglicus. 


a.  p c. 

Fig.  3.  Varieties  of  Arm-Branching  in  Eucheirocrinus.  a,  E.  chrysalis;  h,  E.  Ontario;  c,  E.  anglicus 


Eucheirocrinus  minor  new  species 
Plate  2g,  figs,  g,  ga,  b 

A small  species.  Crown  39  mm.  high,  of  which  the  calyx  occupies  6.5  mm. 
Has  3 arms,  and  stem  in  plane  of  anal  series.  Median  arm  fairly  stout,  tapering, 
as  long  as  the  lateral  arms,  consisting  chiefly  of  two  long  brachials,  four  or  five 
times  as  long  as  wide,  preceded  by  the  short  primibrach  and  followed  by  a third 
brachial  shorter  and  narrowing  to  a point;  segments  of  1.  ant.  radial  connected, 
with  inferradial  elongate  quadrilateral.  Lateral  arms  2,  one  on  each  side,  divid- 
ing on  second  primibrach  into  2 rami,  dichotomous,  branching'  somewhat  un- 
equally at  intervals  of  3 or  4 brachials  to  abouC6  finials,  the  ramus  next  to  the 
anal  tube  being  the  smallest.  Stem  long,  slender,  about  three  times  the  length 
of  the  crown,  tapering  gradually  to  a narrow  distal  end ; columnals  in  proximal 
part  about  i mm.  long  and  wide,  becoming  longer  with  half  the  width  distally. 

In  form  and  proportions  of  the  median  arm  this  species  differs  strongly  from  the  type, 
and  resembles  those  of  the  associated  species  of  Cremacrinus  occurring  in  the  same  formation  ; 
but  the  absence  of  a fourth  arm  and  the  median  position  of  the  stem  clearly  exclude  it  from 
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that  genus,  while  the  structure  of  the  lateral  arms  is  substantially  that  of  Euchcirocrinus, 
with  a difiference,  however,  in  the  proportionate  size  of  the  branches.  The  specimen  figured  is 
unique,  and  only  the  left  posterior  side  is  fully  exposed ; but  I was  al)le  to  free  the  opposite 
side  sufficiently  to  show  that  it  has  but  one  lateral  arm.  It  is  an  intermediate  form  of  uncertain 
position. 

Horizon  and  locality.  Eucalyptocrinus  zone  of  Beech  River  formation,  Brownsport 
group,  Niagaran;  Tuck’s  Mill,  Decatur  County,  Tennessee. 

Euchcirocrinus  Ontario  Springer 
Text- fig.  3b 

Eucheirocrimis  Ontario  Springer,  Geol.  Surv.  Canada,  Mem.  3,  No.  91,  1919,  p.  127,  fig.  6. 

This  species,  described  by  me  some  years  ago,  is  of  somewhat  earlier  age  than  the  type ; 
it  is  inserted  for  comparison  of  arm  structure,  especially  of  the  median  arm,  which  bifurcates 
on  the  third  brachial,  and  the  branches  at  least  once  more  at  like  intervals  beyond.  This 
an-angement  is  shown  l>y  text-figure  3&  under  E.  chrysalis.  From  the  Cataract  formation, 
Medinan ; Stony  Creek,  Ontario,  Canada. 


Euchcirocrinus  anglicus  new  species 
Plate  2g,  figs.  6,  6a;  text-fig.  3c 

This  small  species  from  the  English  Silurian  is  described  here  on  account 
of  the  extraordinary  variation  from  the  type  which  it  exhibits  in  the  branching 
of  the  median  arm.  This  bifurcates  on  the  first  and  only  primibrach,  and  then 
once  or  twice  more  to  the  number  of  at  least  6 ultimate  branches;  the  lateral 
arms  are  irregular,  both  their  rami  and  their  branches  being  of  an  intermediate 
character  (text-fig.  3c).  The  branching  of  the  median  arm  on  the  primibrach 
is  paralleled  only  by  the  species  Calceocrimis  pinnulatus  Bather  (Grin.  Goth, 
pi.  4,  fig.  133)  of  Gotland;  but  whereas  in  that  species  the  lateral  arms  have  the 
usual  two  primibrachs,  here  the  single  axillary  primibrach  extends  to  the  lateral 
arms  also,  thus  duplicating  the  otherwise  unique  character  of  another  Gotland 
species,  C.  nitidns,  which  occurs  also  in  England  in  the  same  formation  and 
locality  as  the  present  species.  In  the  profuse  branching  of  the  median  arm 
this  species  recalls  a similar  departure  from  type  in  Calceocrimis  hiftircatiis. 

The  species  is  based  upon  a single  specimen,  unique  so  far  as  I know,  from  Dudley, 
England,  which  I obtained  many  years  ago  from  the  well  known  dealer,  Robert  Damon  of 
Weymouth.  It  is  notable  for  the  rather  ponderous  character  of  the  arm  branches,  the  great 
predominance  of  the  median  arm,  and  the  relatively  small  size  of  the  calyx.  It  has  a short 
stem,  apparently  about  half  the  length  of  the  crown,  which  seemed  to  end  amid  the  debris 
of  some  other  fossils  so  that  it  could  not  be  determined  whether  the  stem  was  attached  to  a 
foreign  object  or  not.  The  columnals  increase  in  length  rapidly  toward  the  distal  end,  where 
they  become  twice  as  long  as  wide.  In  this  respect  the  form  has  a rather  juvenile  aspect.  The 
crown,  which  is  considerably  flattened  by  pressure,  has  a height  of  20  mm. 

Horizon  and  locality.  Wenlockian,  Silurian ; Dudley,  England. 
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Eucheirocrinus  indianensis  (S.  A.  Miller) 

Plate  2Q,  figs.  4,  4a,  b 

Calceocrinus  indianensis  S.  A.  Miller,  I7tli  Ann.  Rep.  Indiana  Dep.  Geol.,  1892,  p.  645,  pi.  6,  fig.  37  (adv. 
sheets,  p.  35)- 

Founded  upon  a very  imperfect  specimen  with  only  part  of  the  calyx  preserved,  but 
enough  to  show  the  narrow  and  tapering  inferradial  of  the  left  anterior  ray,  and  the  4 basals,- 
indicating  the  probable  presence  of  the  genus  among  the  many  rare  forms  of  its  locality.  No 
others  have  been  found. 

Horizon  and  locality.  Laurel  formation;  St.  Paul,  Indiana. 
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CALCEOCRINUS  Hall  em.  Ringueberg 
Plate  2g 

Calceocrinus  Hall,  Pal.  New  York,  2,  1852,  p.  352,  pi.  85,  figs.  5,  6;  28th  Rep.  New  York  St.  Cab.  Nat. 
Hist,  1879,  P-  146,  figs.  I,  2;  I2th  Ann.  Rep.  Indiana  Dep.  Geol.,  1882,  p.  281. — Shumard,  Trans. 
Acad.  Sci.  St.  Louis,  2,  1866,  p.  358. — Meek  and  Worthen,  Geol.  Surv.  Illinois,  5,  1873,  pp.  443,  502, 
pi.  14,  fig.  9. — Ulrich,  14th  Ann.  Rep.  Geol.  Surv.  Minnesota,  1886,  pp.  104,  113. — Wachsmuth  and 
Springer,  Rev.  Pal.,  3,  sec.  2,  1886,  p.  274. — Ringueberg,  Ann.  New  York  Acad.  Sci.,  4,  1889,  p.  401. — 
Bather,  Crinoidea  of  Gotland,  1893,  p.  67;  Treatise  on  Zool.,  3,  1900,  p.  147. — Jaekel,  Phylogenie  und 
System,  1918,  p.  86. — Dcltacrinus,  Bassler,  Bibliogr.  Index,  Bull.  92,  U.  S.  Nat  Mus.,  191S,  pp.  156,  393. 

Arm-bearing  rays  3.  Calyx  bilaterally  symmetric,  with  stem  in  plane  of 
anal  tube.  Median  arm  simple  or  branching,  supported  by  compound  1.  ant. 
radial,  the  segments  of  which  are  usually  separated.  Lateral  arms  one  on  each 
side,  supported  by  the  large  radials,  branching-  from  unequal  faces  of  the  axil- 
lary primibrach  and  of  successive  diminishing  axillaries  curving  around  trans- 
versely toward  the  anal  side,  each  axillary  supporting  at  the  shorter,  inner  face 
an  axil-arm  composed  of  successive  series  of  2 or  3 brachials,  and  bearing  alter- 
nate ramules,  and  at  the  longer,  outer  face  the  next  axillary;  primibrachs  of 
lateral  arms  usually  2.  R.  post,  and  r.  ant.  superradials  fused  to  form  a .subanal 
piece  underlying  anal  jr,  usually  separated  from  the  large  radials  by  their  respec- 
tive inferradials,  or  they  may  be  eliminated.  Basals  reduced  to  3 by  fusion  of 
1.  post,  and  1.  ant.  BB,  the  fused  plate  never  or  rarely  entering  the  stem-facet. 
The  foregoing  characters  apply  also  to  the  genus  Halysiocrinus. 

R.  post,  and  r.  ant.  inferradials  usually  not  in  contact,  interposed  between 
anal  x or  subanal  piece  and  the  large  radials.  The  two  segments  of  1.  ant.  com- 
pound radial  exceptionally  connected  by  short  suture,  but  usually  entirely  sepa- 
rated as  triangles  by  the  large  radials  meeting  between  them.  Fused  left  basal 
usually  triangular  with  straight  sides,  and  narrower  than  the  hinge  in  the 
American  species.  Median  arm  usually  simple. 

Genotype.  Calceocrinus  typus  Ringueberg. 

Distribution.  Silurian ; America,  England,  Gotland. 

The  characters  stated  in  the  first  paragraph  are  common  to  this  and  the  next  following 
genus.  The  axil-arm  system  characteristic  of  the  two^  is  a feature  unknown  in  other  crinoids ; 
in  this  by  atrophy  and  fusion  the  two  non-arm-bearing  radials  have  become  to  a large  extent 
eliminated,  leaving  the  suprabasal  portion  of  the  calyx  to  consist,  in  addition  to  plates  of  the 
anal  area,  almost  entirely  of  the  two  large  simple  radials,  and  the  more  or  less  interposed  1.  ant. 
compound  radial,  upon  the  former  of  which  the  one-sided,  thoroughly  unique  type  of  arm- 
structure  has  been  established.  This  begins  in  the  Silurian  with  numerous  species  in  the 
Wenlockian  of  Sweden  and  England,  and  in  the  Niagaran  of  New  York,  Indiana,  Missouri 
and  Tennessee,  extending  through  the  Devonian  into  the  Lower  Carboniferous,  where  it 
culminates  with  the  end  of  the  family  in  the  Keokuk  and  Warsaw  beds  of  the  IMississippi 
Valley.  The  extreme  stage,  in  which  the  brachial  series  of  the  main  arm  are  subordinated 
to  the  over  developed  outer  ramules  and  thus  hidden  from  view  at  the  exterior,  is  confined  to 
certain  species  of  Calceocrinus,  viz. : C.  foerstei,  C.  bifurcatus  and  C.  typus  of  the  American 
rocks,  and  C.  tenax,  C.  nitidus  and  C.  inter  pres  of  the  European ; but  never  occurs,  so  far  as 
known,  in  Halysiocrinus,  in  which  some  portion  of  the  main  arm  is  always  more  or  less  ex- 
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posed.  Thus  while  a species  with  the  main  arms  partly  exposed  might  belong  to  either  genus, 
we  can  be  fairly  certain  that  one  in  which  these  parts  are  hidden  by  the  outer  ramules  does 
not  belong  to  Halysiocriiius. 

Coincident  with  the  development  of  the  axil-arm  system  and  the  enlargement  of  the 
simple  radials  came  the  separation  of  the  two  segments  of  the  1.  ant.  compound  radial.  This, 
as  before  shown,  was  a progressive  feature,  apj^earing  first  in  the  Silurian  among  species  of 
this  genus  pari  passu-  with  the  axil-arms,  and  becoming  established  as  an  invariable  structure 
in  the  later  stages  of  the  family.  It  is  a thorouglily  reliable  character  for  distinguishing  the 
two  genera  here  defined  from  those  preceding  them,  as  is  also  the  fusion  of  the  two  left  basals 
into  one  triangular  or  convex  plate  not  connected  with  the  stem,  this  being  especially  valu- 
able because  determinable  from  the  base  alone.  The  minor  differences  by  which  the  two  are 
separated  are  not  conspicuous,  but  the  division,  confirmed  as  it  is  by  stratigraphic  considera- 
tions, is  useful,  and  the  characters  if  carefully  observed  are  usually  sufficient  for  identifying 
them.  In  some  of  the  Gotland  species  the  fused  left  basal  is  almost,  and  rarely  quite,  as  wide 
as  the  hinge. 


Calceocrinus  foerstei  netv  species 
Plate  29,  figs,  pa,  b,  8a,  b,  p,  10,  ii 

Crown  of  medium  size,  ranging  from  37  to  50  mm.  in  height,  and  fairly 
stout.  Cup  as  seen  from  1.  ant,  side  relatively  short,  obtusely  trapezoidal,  but 
little  constricted;  height  to  the  width  at  hinge  as  i to  1.4.  Median  (1.  ant.)  arm 
very  stout,  simple,  and  longer  than  the  axil-  arms ; brachials  averaging  3.4  mm. 
high  by  4 mm.  wide  in  a large  specimen;  segments  of  1.  ant.  R connected,  infer- 
radial  elongate  quadrilateral.  Lateral  IBr  2.  Main-axils  of  lateral  arms  5 to  8. 
Axil-arms  stout,  with  brachials  of  exposed  ramules  as  wide  as  high,  about  2.5 
mm.  in  large  specimen;  outer  (adanal)  ramules  following  Betabrachs  closely 
apposed,  decreasing  regularly  in  size  stemwards,  and  forming  the  chief  visible 
arm-branches ; when  closed  they  hide  from  view  the  main  arms,  as  well  as  the 
inner  (abanal)  ramules.  Anal  tube  stout,  composed  of  large  segments  resem- 
bling brachials,  projecting  beyond  the  axil-arms;  anal  x large,  strongly  rounded, 
may  be  slightly  indented  by  pressure  of  column;  subanal  piece  fairly  large,  wider 
than  high,  usually  more  or  less  indented.  Stem  stout,  apparently  rather  short, 
the  longest  one  preserved  beginning  to  taper  at  5.5  cm.;  columnals  about  1.5 
mm.  high  and  3 mm.  wide  in  middle  portion ; with  but  little  curvature,  the  stem 
lying  closely  parallel  to  the  anal  series. 

This  species  is  described  upon  the  evidence  of  eight  crowns,  mostly  well  preserved,  and 
one  having  the  short  stem  probably  to  near  the  distal  end ; three  of  them  are  figured.  In  the 
exceptional  presence  of  a quadrangular  inferradial  and  the  resulting  connection  of  the  segments 
of  1.  ant.  R.,  it  shares  with  the  Silurian  species  of  Cremacrinus  in  the  survival  of  this  primitive 
Ordovician  structure,  and  in  this  character  differs  from  all  other  species  of  this  genus  except 
C.  pinnulatus  and  ivterpres  of  Gotland.  In  the  approximation  of  the  outer  ramules  of  the 
axil-arms  it  is  of  the  type  of  the  Gotlandian  C.  tcnax.  One  specimen,  figure  10,  somewhat 
distorted,  differs  from  the  others  in  the  proportions  of  the  brachials  and  axil-arms,  but  upon 
the  more  essential  characters  appears  to  belong  with  the  species.  It  was  figured  under  the 
impression  that  it  might  have  to  be  separated.  Figure  1 1 is  from  a set  of  arms  of  unusual  size 
which  exhibits  especially  well  the  characteristic  disposition  of  the  axil-arm  in  the  extreme 
stage. 
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The  specific  name  is  given  in  recognition  of  the  extensive  and  valuable  researches  of 
Dr.  August  F.  Foerste  in  the  Silurian  and  Devonian  formations  of  Tennessee. 

Horison  and  locality.  Eticalyptocrinns  zone  of  Beech  River  formation,  Brownsport 
group,  Niagaran;  Tuck’s  Mill,  Decatur  County,  Tennessee. 

Calceocrinus  bassleri  new  species 
Plate  2Q,  figs.  12a,  b,  ig,  14;  pi.  28,  fig.  21 

Crown  of  large  size,  from  50  to  56  mm.  in  height.  Cup  seen  from  left 
anterior  side  obtusely  subquadrangular,  relatively  short  and  wide;  height  to 
width  at  hinge  line  in  maximum  specimen  i to  1.5  ; but  little  constricted.  Median 
(1.  ant.)  arm  simple,  stout,  much  thicker  and  longer  than  the  axil-arms;  brachials 
about  3 mm.  high;  segments  of  1.  ant.  R triangular,  widely  separated  by  the 
large  RR  abutting  between  them,  exceptionally  touching  by  their  apices.  Lateral 
IBr  2.  Main-axils  of  lateral  arms  5 to  8,  brachials  in  series  of  2 to  4;  inner 
Betabrachs  (abanal)  and  following  series  more  or  less  exposed  alongside  the 
outer  ramules,  their  brachials  moniliform.  Anal  tube  projecting  beyond  arms, 
not  so  stout  as  in  preceding  species;  anal  x large,  strongly  rounded,  but  little 
indented  by  column ; subanal  piece  rather  short,  usually  widening  upward.  Stem 
long,  stout,  but  little  curved  next  to  calyx;  columnals  very  short,  at  25  mm.  from 
base  averaging  .7  mm.  long  and  3 mm.  diameter. 

This  species  is  founded  upon  six  crowns,  four  of  which  are  figured,  one  with  almost  the 
complete  stem  attached.  It  differs  from  the  preceding  species  in  having  the  segments  of  1.  ant. 
R disconnected  as  usual  in  the  genus,  in  the  exposure  of  the  main  branch  of  the  axil-arms, 
and  in  the  short  columnals  of  the  stem.  It  is  to  be  compared  with  C.  pngil  and  C.  tucanns  of 
Gotland,  with  which  it  is  evidently  closely  related,  the  chief  differences  being  its  larger  size 
and  greater  number  of  axil-arms.  In  the  relative  exposure  of  the  main  axil-arm  it  is  closer 
to  those  species  than  the  published  figures  would  indicate,  as  is  shown  by  a specimen  from 
Gotland  in  my  collection  herein  figured,  plate  29,  figure  21. 

This  fine  species  is  named  in  honor  of  Dr.  R.  S.  Bassler,  of  the  United  States  National 
Museum,  whose  field-work  during  several  seasons  has  greatly  enlarged  our  knowledge  of  the 
geological  structure  of  Tennessee. 

Horizon  and  locality.  Encalyptocrinns  zone  of  Beech  River  formation,  Brownsport 
group,  Niagaran;  Tuck’s  Mill,  Decatur  County,  Tennessee. 


Calceocrinus  bifurcatus  new  species 
Plate  2Q,  figs,  ig,  iga,  b 

Crown  of  medium  size,  abont  45  mm.  high,  of  slender  form  as  compared 
with  preceding  species.  Cup  widening  basalward,  height  7 mm.,  width  Q mm., 
and  but  little  constricted.  Median  (1.  ant.)  arm  slender  and  very  deep,  bifur- 
cating on  the  third  brachial  above  the  primibrach,  and  again  on  the  second,  the 
inner  branch  dividing  again,  thus  giving  6 or  8 finials;  all  the  brachials  are  long 
and  narrow,  the  lower  three  being  4.5  mm.  long  by  1.5  wide;  segments  of  1.  ant. 
R widely  separated  by  large  RR,  the  superradial  triangular  and  the  inferradial 
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narrowly  acuminate.  Lateral  IBr  2.  Main-axils  of  lateral  arms  6.  Outer 
ramules  of  axil-arms  closely  apposed,  concealing-  the  main  branches  and  inner 
ramules.  Anal  plates  strongly  convex,  partly  obscured  by  the  closely  adhering 
stem.  Tube  not  visible.  Stem  fairly  strong,  with  columnals  1.5  mm.  long  at 
about  midway  of  the  crown. 

Only  the  single  type  specimen  is  known,  and  that  is  from  a slightly  lower  horizon  than 
the  preceding  species.  The  crown  is  in  the  recumbent  position,  closely  covering  the  stem  which 
is  almost  enveloped  by  the  smaller  axil-arms.  The  striking  character  by  which  the  species 
differs  from  almost  all  others  of  the  genus  is  the  repeated  bifurcation  of  the  median  arm,  in 
which  it  anticipates  the  later  Carboniferous  forms. 

Horizon  and  locality.  Coccocrinus  zone  of  the  Beech  River  formation,  Brownsport 
group,  Niagaran ; West  of  Tuck’s  Mill,  Decatur  County,  Tennessee. 

Calceocrinus  stigmatus  Hall 
Plate  2g,  fig.  16 

Cheirocrinus  stigmatus  Hall,  Trans.  Alb.  Inst.,  4,  1863,  p.  225;  Calceocrinus  stigmatus  Hall,  28th  Rep. 

New  York  St.  Mus.,  1879,  p.  147,  pi.  19,  figs.  9-11;  nth  Ann.  Rep.  Indiana  Dep.  Geol.,  1882,  p.  281, 

pi.  19,  figs.  9-1 1. 

Copy  of  Hall’s  figure  of  the  type,  to  show  the  occurrence  of  the  form  in  the  Waldron 
formation  of  the  Silurian.  Only  the  radial  part  of  the  calyx  is  preserved,  showing  a wide 
separation  of  the  segments  of  1.  ant.  compound  radial.  This  will  distinguish  it  from  Eucheiro- 
crinus,  but  not  from  Halysiocrinns,  and  the  other  characters  are  not  in  sufficient  detail  for  com- 
parison. The  geological  position,  however,  raises  a fair  presumption  against  the  latter.  The 
species  is  extremely  rare,  no  other  specimens  having  been  found. 

Waldron  shale,  Niagaran ; Waldron,  Indiana. 

Calceocrinus  typus  Ringueberg 
Plate  2g,  figs.  17,  17a 

Calceocrinus  typus  Ringueberg,  Ann.  New  York  Acad.  Sci.,  4,  1889,  p.  402,  pi.  10,  fig.  8. 

Ringueberg’s  type  specimen,  now  in  my  collection,  is  figured  to  illustrate 
the  typical  form  as  recognized  among  the  New  York  specimens.  It  has  the  axil- 
arms  of  the  type  of  C.  foerstei  and  C.  tenax,  and  the  disconnected  segments  of 
1.  ant.  R. 

From  the  Rochester  shale  of  the  Niagaran ; Lockport,  New  York,  where  it  is  one  of  the 
rarest  fossils. 

In  addition  to  the  two  foregoing  species  Ringueberg  described  Calceocrinus  bidentatns 
and  C.  contractus,  both  from  the  Niagaran  at  Lockport,  New  York. 

Calceocrinus  Hall 
Plate  2g,  fig.  i8 

Hall,  Pal.  New  York,  2,  1852,  p.  352,  pi.  85,  fig.  5- 

The  original  figure  upon  which  the  genus  was  proposed.  After  Hall.  It  is 
figured  here  for  comparison  with  C.  lialli  and  C.  typus,  identified  as  congeneric 
with  this. 

Horizon  and  locality.  Rochester  shale;  Lockport.  New  York. 
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Calceocrinus  halli  Ringueberg 
Plate  eg,  fig.  ig 

Ringueberg,  Ann.  New  York  Acad.  Sci.,  4,  1889,  p.  403,  pi.  10,  fig.  9. 

Type  of  the  species  which  Ringueberg  considered  identical  ■ with  Hall’s 
original.  The  consolidated  left  basal,  fused  into  a single  triangular  plate  not 
touching  the  stem,  is  the  dominant  character  in  both,  fully  establishing  their 
generic  identity,  and  by  reason  of  its  exceptional  width  their  specific  identity  also. 
Horizon  and  locality,  same  as  last. 

Calceocrinus  alleni  Rowley 

Amer.  Geol.,  34,  1904,  p.  275,  pi.  16,  figs.  30-33. 

Described  from  fragments  of  calyx  only,  which  show  only  the  probable  generic  characters. 
Bainbridge  formation.  Niagaran ; Ste.  Genevieve  County,  Missouri. 


Calceocrinus  nitidus  Bather 
Plate  eg,  fig.  20 

Calceocrinus  nitidus  Bather,  Crin.  Goth,  1893,  p.  91,  pi.  3,  figs.  1 17-122. — Synchirocrinus  anglicus  Jaekel, 

Phylogenie  und  System,  1918,  p.  86,  figs.  81-83. 

I am  illustrating  this  species  from  an  unusually  fine  specimen  in  my  collec- 
tion from  England,  in  which  the  crown  is  more  completely  preserved  than  in 
the  types.  In  the  principal  one  of  these  the  median  arm  has  only  8 brachials 
remaining,  whereas  here  they  reach  a total  of  15.  The  arm  is  decidedly  stouter 
and  longer  than  those  adjoining  it,  and  has  a graceful  curvature  parallel  to 
the  6 visible  axil-arms,  of  which  only  the  outer  or  adanal  ramules  are  seen,  the 
main  branches  being  entirely  concealed  underneath  them.  The  species  is  re- 
markable for  having  only  a single  lateral  primibrach,  in  which  it  differs  from 
all  others  in  the  family  known  to  me,  with  the  exception  of  the  singular  English 
species  herein  described  as  Eiieheirocrinus  anglicus. 

Although  described  from  Gotland,  C.  nitidus  is  apparently  the  most  common  species  of 
this  genus  in  the  English  Silurian,  as  among  my  own  material  are  no  less  tloan  four  good 
specimens,  besides  two  casts  from  specimens  in  British  collections,  in  all  of  which  the  char- 
acters are  remarkably  constant.  One  of  these  has  the  stem  in  place,  but  incomplete,  for  a 
distance  of  once  and  a half  the  length  of  the  crown,  which  is  closely  recumbent  upon  it ; the 
columnals  in  the  more  distal  portion  have  increased  to  2 mm.  in  length  for  3 mm.  diameter. 

This  species  is  undoubtedly  the  same  form  for  which  Jaekel  in  his  Phylogenie  und  Sys- 
tem, 1918,  has  encumbered  the  literature  with  two  useless  synonyms  as  Synchirocrinus  anglicus. 

Horizon  and  locality.  Wenlockian,  Silurian ; Gotland,  Sweden,  and  Dudley,  England. 
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Calceocrinus  pugil  Bather 
Plate  2p,  fig.  21 

Calceocrinus  pugil  Bather,  Crinoidea  of  Gotland,  1893,  p.  82,  pi.  3,  figs.  98-104. 

Figured  from  a specimen  in  my  collection  from  Gotland  for  comparison 
with  C.  bassleri  from  Tennessee,  which  resembles  it  in  the  relative  visibility  of 
the  main  branches  of  the  axil-arms.  The  exposure  in  that  respect  is  somewhat 
greater  in  this  specimen  than  in  those  figured  by  Dr.  Bather,  and  the  ossicles 
in  the  main  branches  are  more  distinctly  nodose.  In  decided  contrast  to  the  pre- 
ceding species,  the  median  arm  in  this  is  slender  and  short,  shorter  than  the  ad- 
joining axil-arms ; in  the  principal  type  specimen  this  arm  has  8 brachials  visible, 
with  room  for  only  i more,  and  here  the  number  is  apparently  limited  to  8. 

Horizon  and  locality.  Wenlockian,  Silurian ; Gotland,  Sweden. 


HETEROCRINIDAE 


I2I 


HALYSIOCRINUS  Ulrich 
Plates  2g,  50 

Cheirocrinus  Hall  (not  Eichwald),  13th  Rep.  New  York  St.  Cab.,  i860,  p.  123. — Halysiocriims  Ulrich, 
14th  Ann.  Rep.  Geol.  Surv.  Minnesota,  1886,  p.  no. — Bather,  Crin.  Goth,  1893,  p.  61,  fig.  131?. — Zittel- 
Eastman,  Texth.  Pal.,  2d  ed.,  1913,  p.  214. 

Arms  and  stem  as  in  Calceocriniis,  except  that  the  axil-arms  do  not  reach 
the  extreme  stage,  and  the  main  branch  is  always  more  or  less  exposed.  The 
two  segments  of  1.  ant.  R triangular,  and  always  completely  separated  by  the 
simple  radials.  Siibanal  piece  atrophied  or  hidden,  its  place  being  taken  by  the 
posterior  shifting  of  r.  post,  and  r.  ant.  inferradials,  which  have  met,  support- 
ing anal  a'  directly.  Fused  left  basal  usually  convex  toward  the  stem,  and  nearly 
or  quite  the  full  width  of  hinge.  Median  arm  frequently  branching. 

Genotype.  Cheirocrinus  dactyliis  Hall. 

Distribution.  Devonian  to  Carboniferous  ; America. 

As  stated  under  Calccocrinus,  the  first  paragraph  of  the  diagnosis  of  that  genus  applies 
to  this,  in  which  the  axil-arm  system  is  equally  characteristic,  but  developed  in  a somewhat 
different  way,  the  exposure  of  the  main  branch  being  here  a constant  character,  as  is  also  the 
separation  of  the  segments  of  1.  ant.  R.  There  may  also  be  noted  an  increasing  tendency  to 
branching  of  the  median  arm.  The  difference  in  the  structure  of  the  posterior  side,  marking 
for  this  genus  the  final  stage  in  the  elimination  of  the  radials  of  the  vanished  arms,  in  which 
their  inferradial  remnants  are  pushed  to  a position  directly  underneath  the  anal  tube,  is  a 
reliable  criterion ; and  tbe  greater  width  and  convex  form  of  the  fused  basal  is  a useful 
guide  in  practice,  being  fairly  established  in  the  Devonian  and  apparently  constant  in  the 
Carboniferous. 

The  genus  is  essentially  an  American  form,  being  represented  by  species  in  the  Helder- 
bergian,  Onondaga  and  Hamilton  of  the  Devonian,  and  the  New  Providence,  Burlington, 
Keokuk  and  Warsaw  of  the  Lower  Carboniferous.  It  has  not  thus  far  been  recognized  in 
Europe. 


Halysiocrinus  keyserensis  new  species 
Plate  2g,  fig.  22 

This  earliest  known  representative  of  its  genus,  from  the  Lower  Devonian, 
while  it  has  the  predominant  outer  ramules  and  the  dwarfed  main  branches 
somewhat  exposed,  as  usual  in  the  genus,  differs  from  the  axil-arm  type  gener- 
ally by  having  the  axillary  primibrach  and  the  succeeding  main-axils  about 
equal-faced.  The  median  arm  is  long  and  simple,  with  brachials  moniliform, 
and  the  axil-arms  four  in  number.  The  anal  plates  at  base  of  tube  are  large 
and  broadly  rounded,  but  the  tube  itself  is  not  exposed.  In  the  nearly  equal 
bifurcation  upon  the  main-axils  there  is  some  resemblance  to  Deltacrinus  clams 
and  Halysiocrinus  secundus  of  the  Middle  Devonian,  as  figured  and  redescribed 
in  the  recent  volume  on  the  Devonian  Crinoids  of  New  York,  plate  41. 

Based  upon  a unique  specimen  from  the  Keyser  formation  of  the  Helderbergian,  at 
Keyser,  West  Virginia. 
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Halysiocrinus  marylandensis  (Ohern) 

Plate  2Q,  figs.  2g,  2ga,  b 

Calceocrinus  marylandensis  Ohern,  Maryland  Geological  Survey,  Lower  Devonian,  1913,  p.  253.  pi.  40, 

figs.  1-3. 

This  species,  described  for  the  Maryland  Geological  Survey,  is  figured  here 
to  show  the  occurrence  of  the  genus  in  the  Oriskany  division  of  the  Lower  De- 
vonian. It  is  remarkable  for  its  robust  proportions  in  contrast  to  the  other 
Devonian  forms,  but  the  generic  characters  are  thoroughly  well  established. 
There  are  at  least  six  axil-arms  springing  from  extremely  unequal-faced  main- 
axils,  and  the  main  arm-branches  are  fairly  well  exposed  alongside  the  large 
outer  ramules.  The  median  arm  is  simple  to  the  eleventh  brachial,  and  of  un- 
usual size,  as  are  also  the  plates  of  the  anal  series.  The  whole  aspect  of  the 
crinoid  is  one  of  massiveness  not  before  observed  in  the  family. 

Only  the  type  specimen  is  known,  from  the  Oriskany  sandstone  at  Cumberland,  Maryland. 

Halysiocrinus  carinatus  new  species 
Plate  2g,  figs.  24,  24a,  25,  26 

This  Hamilton  species  is  introduced  in  order  further  to  show  the  course 
of  development  of  the  family  during-  the  Devonian,  and  especially  as  a fine  ex- 
ample of  the  indentation  of  the  large  anal  plates  by  pressure  on  the  stem.  It  is 
remarkable  for  the  extraordinary  number  of  axil-arms,  lo  on  each  side,  the 
narrowness  of  the  1.  ant.  superradial,  and  slenderness  of  the  median  arm  follow- 
ing it,  of  which  only  a few  brachials  are  preserved ; this  is  very  small  and  keeled, 
in  contrast  to  the  broad,  rounded  arm  of  most  other  species.  The  space  gained 
by  the  reduction  in  width  of  this  arm  affords  room  for  the  increased  number  of 
main-axils,  as  a result  of  which  the  lateral  arm-facets  are  directed  more  nearly 
upward  than  in  other  species ; this  character  is  constant  in  specimens  from  the 
three  localities.  The  axil-arms  are  also  slender,  with  elongate  brachials  in  two 
or  more  well  exposed  branches.  The  anal  plates  are  very  large,  and  the  inden- 
tation made  by  the  stem  is  sharp  and  deep,  and  could  only  have  been  produced 
by  strong  and  persistent  pressure,  such  as  would  result  from  a habitual  recum- 
bent position  of  the  crown  upon  the  stem.  No  mere  temporary  suspension  of  the 
crown  alongside  the  stem  would  account  for  it.  The  anal  tube  is  sharply  angu- 
lar, tapering  to  a point  below  the  distal  end  of  the  arms ; this  form  of  tube  is 
a striking  character  of  the  species  which  has  not  been  seen  in  any  other,  and 
reminds  one  of  the  pointed  tube  in  some  species  of  Zeacrinus,  leaving  the  posi- 
tion of  the  anal  opening  in  doubt.  Surface  of  radials  and  basals  corrugated  or 
pustulose. 

The  species  is  founded  on  two  crowns  from  the  Traverse  formation  of  northern  Michi- 
gan ; the  type  here  figured,  38  mm.  in  height,  is  sharply  and  accurately  preserved,  except  for 
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the  distal  part  of  the  median  arm.  Two  calices  are  also  figured  of  the  same  or  a closely  allied 
species  from  equivalent  horizon  in  other  areas. 

Horizon  and  locality.  Hamilton  group,  Middle  Devonian ; Alpena,  Michigan,  New 
Buffalo,  Iowa,  and  Clark  County,  Indiana. 

Halysiocrinus  perplexus  (Shumard) 

Plate  so,  figs.  4-13 

Cheirocrinus  (Calceocrinus?)  pcrplcxns  Shumard,  Trans.  St.  Louis  Acad.  Sci.,  1866,  2,  p.  358. 

Some  specimens  of  this  species  are  figured  in  connection  with  the  explana- 
tion of  the  hinge  already  given,  for  which  it  offers  unusual  facilities.  It  occurs 
in  the  New  Providence  shale  of  the  basal  Lower  Carboniferous,^  and  is  found 
chiefly  on  weathered  exposures  at  Button  Mould  and  other  knobs  south  of 
Louisville  in  Kentucky.  Complete  crowns  are  unknown,  but  the  two  charac- 
teristic elements  of  the  united  radial  plates  and  separate  consolidated  basals  have 
been  collected  by  hundreds,  among  which  are  many  that  furnish  a clear  expo- 
sition of  the  structure  of  these  parts.  They  vary  in  size  from  cups  lo  mm.  high 
by  6 mm.  wide  at  the  top  and  8 mm.  at  the  hinge  line,  to  those  20  mm.  high, 
which  increase  in  width  from  14  mm.  at  the  top  to  33  mm.  at  the  hinge — thus 
showing*  a tendency  to  become  wider  basalward  with  age.  Some  differences  may 
be  noted  among  the  specimens  which  might  indicate  the  presence  of  more  than 
one  species,  such  as  the  greater  or  less  projection  of  the  superradial,  and  varia- 
tion in  surface  from  pustulose  to  smooth;  but  the  latter  is  largely  a matter  of 
erosion,  and  in  default  of  more  complete  material  I have  referred  them  all  to 
the  original  species. 

Horizon  and  locality.  New  Providence  shale,  Mississippian ; Button  Mould  Knob,  and 
other  localities  widely  distributed  in  Kentucky  and  Tennessee,  and  Clark  County,  Indiana. 

Halysiocrinus  dactylus  (Plall) 

Plate  so,  figs,  i,  2,  2a,  b,  3,  Set 

Cheirocrinus  dactylus  Hall,  13th  Rep.  New  York  St.  Cab.  Nat.  Hist,  i860,  p.  123,  figs,  i,  2. — Halysiocrinus 

dactylus  Ulrich,  14th  Ann.  Rep.  Geol.  Stirv.  Minnesota,  1886,  p.  no. — Cheirocrinus  ventricosus  Hall, 

13th  Rep.,  supra,  p.  123. — Halysiocrinus  ventricosus  Bather,  Crin.  Goth,  pp.  65,  66,  pi.  4,  figs.  141,  142. 

I am  illustrating  this  Lower  Carboniferous  species  because  it  has  been 
designated  as  the  type  of  the  genus,  and  for  the  further  reason  that  doubt  has 
been  expressed  as  to  its  standing,  some  authors  thinking  it  may  be  a synon3^m 
of  Hall’s  C.  ventricosus  from  the  same  formation — both  having  been  described 
in  the  same  publication.  I am  therefore  figuring  the  type  specimen  in  the 
Museum  of  Comparative  Zoology,  together  with  some  others  from  my  own 
collection  showing  further  details.  The  type,  also  well  figured  by  Hall,  gives 
a complete  picture  of  the  generic  characters,  whereas  C.  ventricosus  was  de- 

1 Knobstone  of  authors,  and  by  some  erroneously  referred  to  the  Keokuk.  See  Springer,  The  Crinoid 
Fauna  of  the  Knobstone  formation.  Proc.  U.  S.  Nat.  Mus.,  Vol.  41,  1911,  p.  178. 
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scribed  without  figure  from  an  isolated  calyx  only,  without  any  distinctive  char- 
acters. As  there  is  nothing-  in  the  description  to  establish  priority,  it  is  deemed 
proper  tO'  hold  it  for  the  species  which  is  recog'iiizable. 

This  is  the  dominant  species  of  the  genus  in  the  Burlington  limestone,  where  it  is  found 
in  excellent  preservation.  It  is  represented  in  the  collection  by  upwards  of  20  specimens,  which 
exhibit  some  of  the  variations  to  be  expected  in  a prolific  species.  Normally  it  has  4 axil-arms, 
but  there  may  be  3 or  5 ; the  median  arm  branches  on  the  6th  to  the  8th  or  9th  brachial,  usually 
with  a single  bifurcation,  but  sometimes  with  two ; the  ramules  of  the  lateral  arms  usually 
occur  at  intervals  of  4 brachials,  but  occasionally  3 or  5,  mostly  in  two  series  but  may  be  three, 
always  exposed.  The  form  of  the  cup  changes  with  maturity  of  the  individual,  that  of  the 
younger  ones  being  higher  and  narrower  than  in  the  older ; as  a rule  the  cup  is  more  elongate 
than  in  other  species,  the  average  of  four  specimens  being  9 mm.  height  by  8.5  mm.  width  at 
the  hinge.  A striking  example  of  the  difference  in  this  and  other  respects  due  to  age  is  fur- 
nished by  an  extremely  young  individual  associated  with  this  species  and  presumably  be- 
longing to  it,  which  I have  illustrated  on  plate  30.  The  complete  crown  is  only  12  mm.  high, 
and  the  stem,  also  about  complete,  22  mm.  long ; the  cup  is  4.5  mm.  high,  2.5  mm.  wide  across 
the  1.  ant.  side  at  the  top,  diminishing  to  1.7  mm.  at  the  hinge ; on  the  1.  post,  side,  as  originally 
exposed,  there  is  but  one  arm,  unbranched,  and  on  the  anterior  side,  as  seen  by  removing 
the  crown  from  the  matrix,  there  are  two  branches,  l^esides  a curving  anal  tube,  also  visible 
from  the  first  position.  Enlarged  figures  were  made  from  both  these  views  (pi.  30.  figs.  3,  3a). 

Horizon  and  locality.  Tapper  Burlington  limestone,  Mississippian ; Burlington.  Iowa. 


Halysiocrinus  nodosus  (Hall) 

Plate  so,  figs.  14-21 

Chcirocrinus  nodosus  Hall,  13th  Rep.  New  York  St.  Cab.  Nat.  Hist.,  i860,  p.  124;  Phot.  Plates  of  Cri- 
noids,  1872,  pi.  6,  fig.  15. — Halysiocrinus  nodosus  Ulrich,  14th  Ann.  Rep.  Geol.  Surv.  Minnesota, 
1886,  p.  1 12. — Deltacrinus  nodosus,  Spr.,  Smithsonian  Misc.  Coll.,  76,  1923,  pi.  5,  fig.  21. 

This  species  may  be  taken  to  represent  the  culmination  of  the  family  in 
the  Lower  Carboniferous.  At  least  one  species  from  a later  horizon  is  known, 
which  is  rare  and  shows  a reversionary  tendency.  The  present  form  is  selected 
for  illustration  to  complete  the  picture  of  the  type  we  have  been  discussing, 
because  it  is  the  most  striking  species  of  all  the  Carboniferous  in  its  characters, 
is  found  in  remarkably  fine  preservation,  and  in  such  abundance  as  to  offer 
excellent  facilities  for  the  study  of  variations  within  the  limits  of  a well  defined 
species.  The  large  size,  robust  habitus,  sharp  nodosity,  curvature  and  frequent 
branching  of  the  median  arm,  and  free  exposure  of  main  axil-arms,  are  con- 
spicuous and  decisive  characters. 

I am  illustrating  it  on  plate  30  rather  fully,  first,  because  the  recumbent  habitus,  with 
the  crown  pressing  closely  down  over  the  stem,  is  so  admirably  shown,  for  example  by  figure  19 
in  which  the  arms  seem  actually  to  envelope  the  stem  in  a presumably  horizontal  position.  In 
figure  17,  the  suggestion  that  the  crown  might  close  down  like  a barnacle  is  brought  forcibly 
to  mind  ; it  is  here  strongly  curved  in  the  plane  of  its  bilateral  symmetry,  with  the  large  median 
arm  at  the  perimeter  ; it  is  a peculiar  posture,  which  might  be  described  by  the  word  “ humped,” 
and  the  resulting  general  form,  when  seen  from  the  side,  is  semi-elliptical.  This  is  the  typical 
form  for  the  species,  and  while  there  are  some  specimens  not  otherwise  distinguishable  in 
which  the  “ hump  ” is  not  so  pronounced,  it  is  a fact  that  out  of  about  forty  well  preserved 
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crowns  in  the  material  now  in  hand,  considerably  more  than  half  of  them  have  the  decided 
appearance  of  a tightly  strung  bow,  and  practically  all  of  these  have  the  stem  lying  close  under- 
neath on  the  side  opposite  the  curve.  No  crinoid  with  such  a curvature  of  the  crown  could 
conceivably  occupy  a habitual  position  either  erect,  or  hanging  down  along  an  erect  stem ; 
whereas  the  form  here  exhibited  lends  much  plausibility  to  the  idea  of  a recumbent  habitus. 
A single  specimen,  figure  15,  already  alluded  to  in  the  discussion,  shows  the  crown  almost 
fully  opened  upon  the  hinged  articulation  with  the  base,  but  this  is  believed  to  be  incidental, 
due  to  some  spasmodic  movement  at  death. 

It  also  illustrates  the  great  and  final  extension  of  the  two  large  radials  toward  the  tube, 
they  being  now  separated  only  by  the  inferradials  of  the  vanished  arms,  which  are  here  re- 
duced to  a relatively  small  size,  and  with  which,  indeed,  they  may  be  occasionally  fused. 
Along  with  this,  the  visible  anal  plates  are  much  reduced,  being  but  little  exposed  at  the  base 
of  the  tube,  in  strong  contrast  tO'  their  condition  as  usually  seen  in  the  Ordovician,  Silurian 
and  Devonian  species;  nevertheless  the  tube  extends  to  the  full  height  of  the  arms  (fig.  i6a). 

Secondly,  the  species  exemplifies  in  a striking  manner  the  variations  that  must  be  ex- 
pected and  allowed  for  in  a prolific  form,  especially  one  that  is  marked  by  such  strong  charac- 
ters that  it  is  readily  recognized,  even  in  many  cases  from  fragments.  As  above  stated,  there 
are  about  forty  good  specimens  in  the  collection  with  the  crown  intact,  all  from  a single  re- 
stricted colony  in  the  Keokuk  group.  They  range  in  size  from  70  mm.  height  of  crown  down 
to  20  mm.,  so  that  we  have  the  opportunity  to  compare  the  condition  of  young  and  adult.  Upon 
tabulating  the  characters  as  exhibited  by  this  series  of  specimens,  it  is  found  that  as  to  several 
of  them  there  is  a definite  progressive  variation  according  to  the  maturity  of  the  individual : 

The  proportions  of  the  cup.  Typically  as  seen  from  the  left  anterior  radius  this  be- 
comes wider  toward  the  hinge-line,  where  its  width  exceeds  the  height  from  there  to  the  top 
of  the  superradial.  A composite  of  five  mature  specimens  gives  15  mm,  height  by  16  mm. 
width,  with  a maximum  of  17  mm.  by  20;  whereas  in  the  young  of  about  20  mm.  height  of 
crown  these  proportions  are  reversed  to  8 mm.  height  by  5 mm.  width  (pi.  30,  fig.  20). 

The  bifurcation  of  the  median  arm.  Here  this  reaches  its  culmination  for  the  family  to 
a maximum  of  8 and  10  branches.  It  bifurcates  throughout  the  species  on  "from  the  fifth  to 
the  tenth  brachial — in  70  per  cent  on  the  seventh  or  eighth,  which  is  the  normal — but  the 
number  of  branches  differs  with  growth.  Specimens  of  from  35  to  70  mm.  height  of  crown 
have  from  6 to  8 (rarely  10)  finials,  while  those  of  20  to  35  mm.  have  from  2 to  4;  in  the 
youngest  individuals  only  about  20  mm.  high,  where  the  median  arm  narrows  almost  to  a 
point,  there  is  evidence  of  a single  bifurcation  upon  the  sixth  or  seventh  brachial. 

In  like  manner  the  number  of  axil-arms  increases  with  age,  specimens  above  about 
40  mm.  in  height  having  5 and  6 on  a side,  the  former  number  predominating ; those  from 
30  to  40  mm.  have  usually  4,  and  below  30  mm.  3.  The  juvenile  condition  in  this  and  the 
preceding  species,  with  their  small  number  of  lateral  arm-branches,  recalls  the  arm-structure 
of  En-cheirocrinus,  from  which  the  axil-arm  system  may  have  been  derived.  In  the  present 
species  the  Alphabrachs  and  Betabrachs  range  in  their  series  from  3 to  5,  the  prevailing  num- 
ber being  4. 

From  this  resume  of  the  facts  resulting  from  a careful  tabulation,  it  is  evident  that  most 
of  these  variations  are  progressive  with  individual  growth,  and  that,  in  this  form  at  least, 
such  differences  would  not  form  any  sure  basis  for  the  separation  of  species. 

The  progressive  variations  thus  exhibited  due  to  growth  in  the  individual  are  analogous 
to  those  which  occurred  in  the  same  characters  during  the  life  of  the  family  from  the  earlier 
to  the  later  geological  stages. 

Horison  and  locality.  Keokuk  group,  Mississippian ; Indian  Creek,  Montgomery  County, 
Indiana;  and  rare  in  the  vicinity  of  Keokuk,  Iowa. 
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Family  PETALOCRINIDAE  Weller  and  Davidson 

Eistulata  in  which  IBB  are  minute  and  probably  fused,  and  in  which  the 
branches  of  each  arm,  from  lAx  to  the  finials  inclusive,  are  fused  into  rigid 
arm-fans,  articulating  with  the  cup  by  means  of  a free  IBr.  No  anal. 

Petalocrinus  Weller  and  Davidson 
Plate  26 

Petalocrinus  Weller  and  Davidson,  Jour.  GeoL,  4,  1896,  pp.  166-170. — Bather,  Quart.  Jour.  Geol.  Soc.  London, 

54,  1898,  pp.  401-441.  pis.  25,  26;  Treatise  on  Zool.,  pt.  3,  1900,  p.  175,  fig.  xci.— Thomas,  Proc.  Iowa 

Acad.  Sci.,  22,  1916,  p.  289. 

A dicyclic  Inadunate  crinoid,  with  rays  multibrachiate,  fused  into  rigid, 
fan-shaped  appendages,  smooth  and  amorphous  at  the  dorsal  side,  and  grooved 
for  the  ambulacra  at  the  ventral,  articulated  to  the  radials  through  a single 
short  primibrach;  with  pentamerous  symmetry;  IBB  minute,  hidden  by  column; 
5 BB  similar  in  form;  RR  5,  equal,  with  no  anals.  Stem  subcircular. 

Genotype.  Petalocrinus  mirabilis  Weller  and  Davidson. 

Distribution.  Silurian  ; America  and  Gotland. 

In  the  fusion  of  its  many-branched  arms  into  solid  appendages  this  genus  differs  from  all 
other  crinoids.  Described  by  the  discoverers,  Weller  and  Davidson,  in  1896  from  the  Silurian 
of  Iowa,  it  later  formed  the  subject  of  an  elaborate  memoir  by  Bather  in  1898,  based  upon 
the  type  and  other  material  from  America  loaned  to  him  for  study,  together  with  specimens 
from  the  corresponding  horizon  in  Gotland.  From  the  latter  he  described  three  new  species 
and  from  the  former  two,  making  a total,  including  the  type,  of  six  species.  To  his  complete 
and  exhaustive  discussion  of  the  morphology  and  systematic  relations  of  this  unique  form 
I would  refer  the  student  for  all  needful  information. 

The  genus  is  introduced  here  because  my  collections  from  St.  Paul,  Indiana,  have  yielded 
several  excellent  specimens  confirmatory  of  one  of  Bather’s  species.  For  the  better  under- 
standing of  this,  I am  giving  some  instructive  illustrations  of  the  type  species,  P.  mirabilis, 
especially  one  of  an  unusually  fine  specimen  from  the  original  locality  in  the  rare  condition 
of  having  the  calyx  and  appendages,  which  are  called  arm-fans,  in  place.  For  the  use  of  this 
I am  indebted  to  the  thoughtfulness  of  Prof.  A.  O.  Thomas,  of  the  University  of  Iowa. 

Of  the  six  described  species,  all  but  the  type  are  represented  only  by  the  isolated  arm- 
fans  ; and  of  the  type,  while  these  fragments  are  numerous,  only  three  or  four  specimens 
have  been  found  with  the  fans  in  position  and  the  calyx  preserved.  From  this  lack  of  other 
elements  for  comparison,  specific  characters  must  be  sought  in  the  relative  proportions  of  the 
arm-fans,  their  shape  as  determined  by  the  angle  formed  by  their  sides  with  one  another,  and 
the  number  and  distribution  of  the  ventral  grooves.  The  fans  are  somewhat  paddle-shaped, 
and  the  facet  for  articulation  at  the  narrow  proximal  end  is  almost  the  width  of  the  radial. 

Petalocrinus  mirabilis  Weller  and  Davidson 
Plate  26,  figs.  12-14 

Petalocrinus  mirabilis  Weller  and  Davidson,  Jour.  Geol.,  4,  1896,  p.  166. — Bather,  Quart.  Jour.  Geol.  Soc. 

London,  54,  1898,  p.  427,  pi.  26,  figs.  37-56. 

Dorsal  enp  bowl-shaped,  flattened  dorsally,  height  about  half  its  width 
which  varies  from  3.25  to  6 mm. ; diameter  of  crown  with  fans  outstretched 
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about  20  mm.  Arm-fans  bilaterally  symmetrical  in  number  and  distribution  of 
grooves;  average  of  30  isolated  fans  gives  length  10.6,  width  13  mm.,  with 
range  of  variation  from  7.75  to  14.5  mm.  length  and  7 to  16  mm.  width.  Ventral 
grooves,  finial,  mostly  16,  rarely  14.  Angle  of  arm-fans  51°  to  83°,  normal 
variation  71°  to  78° ; ridges  usually  narrower  than  the  grooves. 

The  above  figures  are  taken  from  Bather’s  tabulation  of  a large  number  of  specimens. 
They  are  confirmed  by  a series  of  about  80  fans  in  my  own  hands  which  indicate  a range  of 
18  to  30  mm.  in  diameter  of  crown,  with  slight  difference  of  average  in  some  other  respects. 
Combining  the  data  there  is  thus  established  a limit  for  the  species  not  exceeding  14  mm. 
length  and  16  mm.  width  of  fan,  and  not  less  than  50°  nor  more  than  83°  angle  of  the  sides. 
A fair  representation  of  its  form  and  proportions  is  given  by  the  figures  on  plate  26.  Figure  13 
shows  the  smooth,  amorphous  dorsal  surface  of  a set  of  isolated  fans,  artificially  arranged, 
and  figure  12  the  sharply  grooved  r^entral  furrows  of  another  set.  The  ten  pieces  have  a 
range  of  10-13  mm.  length  and  10-14  mm.  width.  It  is  therefore  a relatively  small  species. 
In  figure  14  we  have  a double  size  view  of  the  complete  calyx  with  all  the  arm-fans  in  posi- 
tion, but  the  dorsal  side  is  stripped  off,  leaving  only  the  inner  surface  of  the  ventral  grooves 
visible. 

There  is  a very  close  resemblance  between  this  species  and  the  Gotland  form,  P.  visby- 
censis  of  Bather,  which  is  of  similar  small  size  and  number  of  grooves,  but  has  a greater  range 
of  variation. 

Horizon  and  locality.  Hopkinton  stage  of  Niagaran ; near  Monticello,  Jones  County, 
Iowa.  The  original  of  figure  14  was  collected  by  the  late  Professor  Samuel  Calvin,  in  1899. 


Petalocrinus  inferior  Bather 
Plate  26,  figs.  15-16 

Petalocrinus  inferior  Bather,  Quart.  Jour.  Geol.  Soc.  London,  54,  1898,  pi.  26,  fig.  57,  text-fig.  10. 

From  the  American  material  loaned  him  Bather  described  two  new  species, 
P.  inferior  from  the  type  locality  in  Jones  County,  Iowa,  and  P.  long  us  ''from 
St.  Paul,  Indiana,  each  based  upon  a single  arm-fan  in  the  Walker  Museum, 
University  of  Chicago,  from  approximately  equivalent  Niagaran  horizons,  the 
former  perhaps  a little  the  higher. 

Among  my  collections  from  the  Laurel  formation  at  St.  Paul  are  four 
specimens  of  arm-fans  of  dimensions  far  exceeding  those  of  the  type  species, 
but  which  at  once  invite  comparison  with  the  two  above  m.entioned.  Three  of 
them  exhibit  remarkable  uniformity  of  characters,  as  shown  by  the  following 
data : Length  of  arm-fan  23,  28,  28  mm. ; greatest  width  22,  25,  26  mm. ; num- 
ber of  finial  grooves  30,  30,  28;  angle  of  fan  70°,  65°,  68°.  The  grooves  are 
divided  into  two  closely  symmetrical  halves. 

Two  of  these  specimens  are  figured;  the  first,  plate  26,  figures  15,  15a,  enlarged,  is  a 
very  well  preserved  fan  with  the  grooved  ventral  and  smooth  dorsal  surfaces  exposed  free 
of  the  matrix.  The  second,  figure  16,  natural  size,  shows  only  the  ventral  surface;  and  in 
both  the  division  of  the  ventral  grooves  into  two  symmetrical  halves,  and  the  paddle-shaped 
handle  of  the  fan  at  the  proximal  end,  are  well  marked,  as  they  are  also  in  the  third  specimen 
of  about  the  same  size  and  form,  not  figured. 
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Of  Bather’s  two  American  species  we  would  naturally  expect  to  find  the  prototype  of  our 
specimens  in  the  one  from  St.  Paul,  P.  long  us;  but  the  disparity  in  dimensions,  and  its  extreme 
attenuation  of  form  as  indicated  by  its  angle  of  only  38°,  must  clearly  dififerentiate  it ; while 
his  Iowa  species,  closely  approximate  in  size,  with  28  grooves  in  symmetrical  halves,  and  angle 
of  70°,  seems  to  fit  the  case  exactly.  Therefore  I am  referring  the  three  specimens  confi- 
dently to  P.  inferior. 

The  fourth  specimen,  not  figured  as  it  only  shows  the  amorphous  dorsal  side,  is  much 
larger  and  more  elongate  than  the  others,  being  45  mm.,  in  length,  with  angle  of  55°,  prob- 
ably belongs  to  P.  longus,  but  the  absence  of  other  characters  makes  comparison  unsatisfactory. 

Horison  and  locality.  Hopkinton  and  Laurel  formations;  Monticello,  Iowa,  and  St.  Paul, 
Indiana ; Dr.  Foerste  has  also  obtained  a well  marked  specimen  in  the  equivalent  dolomite  at 
Cedarville,  Ohio. 


Family  CROTALOCRINIDAE  Angelin 
Genus  CROTALOCRINUS  Austin 
Plate  26 

Crotalocriniis  Austin,  Ann.  Mag.  Nat.  Hist.,  vol.  10,  1842,  p.  109. — Wachsmuth  and  .Springer,  Rev. 
Pal.,  3,  1886,  p.  145;  Proc.  Acad.  Nat.  Sci.  Phil.,  1888,  pp.  364-390,  pis.  19,  20. — Bather,  Treatise  on 
Zool.,  pt.  3,  1900,  p.  176. — Weller,  Jour.  GeoL,  10,  1902,  p.  532. — Zittel-Eastman,  Textb.  Pal.,  2d  ed., 
1913,  p.  216. — Bassler,  Bibliogr.  Index,  vol.  i,  1915,  p.  292. 

While  there  is  a certain  analogy  between  this  and  the  preceding  genus 
owing  to  the  fact  that  in  both  the  arm-branches  do  not  move  independently  as 
usual  in  crinoids,  but  are  more  or  less  connected  laterally  within  the  rays,  upon 
which  ground  the  two  were  thought  by  Weller  when  describing  Petalocrinus 
to  be  closely  related,  there  are  also  broad  differences  between  them.  Here  the 
five  rays,  instead  of  being  rigidly  fused,  have  their  many  branches  connected 
at  short  intervals  so  as  to  form  a flexible  network,  in  which  the  outlines  of  the 
brachials  are  plainly  delineated  on  both  dorsal  and  ventral  surfaces ; these  are 
connected  laterally  by  points  of  attachment  from  near  the  middle  of  each  ossicle, 
with  open  spaces  between  them,  forming  innumerable  elongate  meshes:  owing 
to  these  lateral  projections  the  brachials  have  the  form  of  a cross  with  short 
arms ; they  are  long  and  flat  on  the  dorsal  surface,  and  deeply  grooved  for  the 
ambulacra  on  the  ventral.  This  pliant  network  is  capable  of  considerable  motion 
by  way  of  folding  and  stretching,  and  in  one  species,  C.  pulcher,  forms  five 
broad,  reticulate  leaves  which  when  closed  over  the  calyx  overlap  one  another ; 
and  in  another,  C.  rugosus,  it  is  continuous  for  some  distance  around  the  calyx, 
and  when  spread  out  may  be  inrolled  from  the  distal  margin. 

In  the  formation  of  the  calyx  the  two  are  also  strongly  different.  Instead  of  having  pen- 
tamerous  symmetry  as  in  Petalocrinus,  the  dorsal  cup  of  Crotalocriniis  is  divided  by  an  anal 
plate  in  line  with  the  radials,  after  the  manner  of  the  Cyathocrinidae,  and  the  infrabasals  are 
large  and  prominent.  In  Petalocrinus  the  ray  is  articulated  to  the  calyx  by  means  of  a single 
primibrach  filling  the  entire  radial  facet,  whereas  in  Crotalocriniis  the  lower  brachials  as  far 
as  the  third  or  fourth  order  rest  within  the  radial  facet,  and  are  more  or  less  rigidly  incor- 
porated into  the  dorsal  cup  by  sutural  connection  among  themselves,  with  the  radials  and 
with  tegmen  plates.  It  is  only  higher  up  in  the  rays,  where  the  plates  are  no  longer  in  contact 
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with  the  radials,  that  the  muscular  articulation  admitting  motion  begins.  The  systematic  posi- 
tion of  the  genus  has  been  dififerently  interpreted  by  authors,  and  is  evidently  intermediate, 
pointing  on  the  one  hand  to  a connection  with  the  Camerata,  and  on  the  other  with  the  Inadu- 
nata,  with  the  preponderance  in  favor  of  the  latter. 

A more  comprehensive  discussion  of  this  remarkable  genus,  with  ample  illustrations, 
may  be  found  in  Wachsmuth  and  Springer’s  paper  of  1888,  entitled  “ Crotalocrinus,  its  Struc- 
ture and  Zoological  Position.”  ^ It  contains  an  especially  fine  picture  of  the  form  having 
the  reticulate  rays  continuous  part  way  and  inrolled  from  the  ends,  for  which  I have  not  room 
enough  on  my  plate.  The  genus,  although  rare,  is  one  of  the  most  characteristic  of  the 
specialized  forms  in  the  Silurian  of  England  and  Gotland. 

Crotalocrinus  has  not  been  found  thus  far  within  the  area  embraced  in  this  work,  but 
it  is  liable  to  appear  at  any  time,  as  it  has  been  recognized  in  the  Racine  dolomite  of  the 
Chicago  area  by  Weller,  and  recently  in  the  Silurian  of  Gaspe  by  Schuchert,  thus  adding 
another  significant  link  to  the  chain  of  connection  of  the  American  Silurian  with  that  of 
northern  Europe.  Eor  this  reason,  as  well  as  for  comparison  with  the  other  highly  specialized 
Pefalocrinus,  I have  thought  it  would  be  of  service  to  give  some  figures  showing  the  charac- 
teristics of  the  type. 

Crotalocrinus  cora  (Hall) 

Plate  26,  fig.  17 

Cyathocrinus  cora  Hall,  20th  Rep.  New  York  St.  Mus.,  1868,  p.  324,  pi.  ii,  figs.  13,  14;  rev.  ed.,  1870, 
p.  366. — Crotalocrinus  americanus  Weller,  Bull.  4,  Chicago  Acad.  Sci.  Nat.  Hist.  Surv.,  1900,  p.  143, 
pi.  14,  fig.-  I ; Crotalocrinus  cora,  Jour.  Geol.,  10,  p.  532,  pi.  3,  figs.  1-5. — Slocom,  Field  Columb. 
Mus.,  2,  Geol.  Ser.,  10,  1908,  p.  292,  pi.  86,  figs.  3,  4. — Bassler,  Bibliogr.  Index,  vol.  i,  1915,  p.  292. 

This  species  occurs  in  the  Racine  dolomite  at  Racine,  Wisconsin,  and  at 
Chicago,  described  at  an  early  day  but  its  generic  affinities  not  recognized  until 
long  after.  Its  history  and  characters  are  fully  set  forth  in  Dr.  Weller’s  paper 
above  cited,  reinforced  by  further  illustrations  by  Slocom,  leaving  no  doubt  of 
the  correctness  of  his  reference  to  the  genus.  By  way  of  confirmatory  evidence 
I give  a figure  of  another  specimen  from  Chicago  showing  an  intensity  of  sur- 
face sculpture  similar  to  that  of  the  English  species  following. 

Crotalocrinus  rugosus  (J.  S.  Miller) 

Plate  26,  figs.  18-20 

Cyathocrinus  rugosus  Miller,  Nat.  Hist.  Grin.,  1821,  p.  89,  with  plate. — Crotalocrinus  rugosus  Austin, 
Ann.  and  Mag.  Nat.  Hist.,  vol.  ii,  1843,  p.  198. — Angelin,  Icon.  Grin.  Suec.,  1878,  p.  26,  pis.  7,  fig.  4; 
17,  figs.  8,  8a  (not  figs.  3,  3a,  b). — Wachsmuth  and  Springer,  Proc.  Acad.  Sci.  Phil.,  1888,  pp.  364, 
386,  pi.  19,  figs.  1-5. 

I am  figuring  a calyx  of  this  species  from  the  type  locality  at  Dudley, 
England,  for  comparison  with  our  Chicago  specimens  in  the  matter  of  surface 
markings  and  arrangement  of  plates,  plate  26,  figure  18.  There  are  also  two 
instructive  structural  figures,  19  and  20,  from  a Gotland  specimen,  the  first 
showing  the  arrangement  of  the  lower  brachials  in  contact  with  the  radial,  and 
the  second  the  mode  of  connection  between  the  brachials  of  abutting  arm- 
branches  with  the  projecting  processes  midway  and  the  open  spaces  between 
them  forming  the  flexible  net  work ; and  also  the  covering  plates  of  the  ambulacra. 

1 Proc.  Acad.  Nat.  Sci.  Phil.,  Nov.,  1888,  pp.  364-390;  pis.  19,  20. 
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Crotalocrinus  pulcher  (Hisinger) 

Plate  26,  fig.  21 

Cyathocrinus  pulcher  Hisinger,  Leth.  Suecc.,  Supp.  2,  1840,  p.  6,  pi.  29,  figs.  5a,  b. — Crotalocrinus  pulcher 
Angelin,  Icon.  Crin.  Suecc.,  1878,  p.  26,  pis.  7,  figs.  5-7;  8,  figs.  1-9;  17,  figs,  la-d;  25,  figs.  8-20. — 
Wachsmuth  and  Springer,  Proc.  Acad.  Nat.  Sci.  Phil.,  1888,  p.  386,  pi.  20,  figs,  la,  b. 

The  figure  of  a very  complete  specimen  of  this  species  is  given  to  afford 
a general  idea  of  the  formation  and  arrangement  of  the  reticulate  flexible  ap- 
pendages into  which  the  rays  are  formed  by  the  lateral  connection  of  the  arm- 
branches  as  illustrated  in  figure  21.  In  this  form  the  network  is  divided  into 
five  leaf-like  fronds  which  when  folded  overlap  one  another.  The  one  in  which 
the  reticulation  is  continuous  around  the  calyx  and  inrolled  from  the  distal 
margin  is  shown  in  the  Wachsmuth  and  Springer  paper,  plate  19,  figure  la, 
which  should  be  consulted  for  comparison.  The  species  occurs  both  in  Gotland 
and  England. 
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Family  CYATHOCRINIDAE  Roemer 

Dicyclic;  IBB  usually  5.  Radial  facets  usually  semicircular,  less  than 
width  of  radial ; union  with  brachials  by  incomplete  articulation,  without  trans- 
verse ridge.  Arms  uniserial,  non-pinnulate,  mostly  dichotomous.  Tegmen  com- 
posed of  rather  large  orals,  rigid  ambulacrals,  which  often  encroach  upon  and 
obscure  the  other  plates. 


Thalamocrinus  Miller  and  Gurley 
Plate  26 

Miller  and  Gurley,  Bull.  7,  Illinois  St.  Mus.,  1895,  p.  82. — Bather,  Treatise  on  Zool.,  3,  1900,  p.  204. 

Dicyclic.  IBB  5,  large,  about  one  third  the  height  of  cup ; BB  still  larger, 
nearly  half  the  height  of  cup;  RR  much  shorter,  not  over  one  sixth  the  height 
of  cup;  radial  facets  curved,  shallow,  narrower  than  RR,  directed  upward. 
RA  small,  rhombic,  abutting  on  x,  supported  by  post,  and  r.  post.  BB.  Anal  x 
small,  in  line  with  RR.  Arms  slender,  with  elongate  brachials,  uniserial,  num- 
ber unknown. 

Genotype.  Thalamocrinus  ovatus  Miller  and  Gurley. 

Distribution.  Silurian  to  Devonian ; America. 

This  genus  falls  under  the  Carabocrininae  subdivision  of  the  Cyathocrinidae,  with  RA 
similar  to  that  of  Palaeocrinus.  It  is  rather  near  to  Homocrinus,  as  interpreted  by  Bather  in 
connection  with  his  Gotland  species,  Grin.  Goth,  p.  loi,  pi.  4,  figs.  143-147,  but  has  narrower 
facets  and  more  simple  arms.  Miller  and  Gurley  mention  the  “ radials  or  third  series  of 
plates  ” as  six,  thus  including  what  we  know  as  the  anal  x.  They  missed  the  important  ele- 
ment, the  radianal,  both  in  their  descriptions  and  figures ; but  it  appears  plainly  in  all  four  of 
the  species,  including  some  of  the  specimens  examined  by  the  authors  from  the  collection  of 
Mrs.  Milligan.  It  is  a rare  form,  and  most  of  the  principal  specimens  are  figured  here. 


Thalamocrinus  ovatus  Miller  and  Gurley 
Plate  26,  figs.  2-g 

Miller  and  Gurley,  Bull  7,  Illinois  St.  Mus.,  1895,  p.  82,  pi.  5,  figs.  29-31. — Miller,  N.  A.  Geol.  Pal.,  2d  App., 
1897,  p.  754>  fig.  1402. 

Characterized  by  its  elongate  ovoid  form,  which  is  well  maintained  among 
several  specimens,  the  great  height  of  BB,  and  constriction  at  the  distal  mar- 
gin, whereby  the  space  is  reduced  to  very  narrow  facets  for  slender  arms.  In 
the  only  specimen  with  any  part  of  the  arms  preserved  they  are  shattered  so  that 
little  can  be  seen  except  the  displaced  brachials,  which  are  long,  narrow  and 
rounded;  it  is  evident  that  the  arms  were  long  and  slender,  probably  simple  or 
only  branching  once. 

Horizon  and  locality.  Beech  River  formation,  Niagaran ; Decatur  County,  Tennessee. 
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Thalamocrinus  cylindricus  Miller  and  Gurley 
Plate  26,  figs.  6-g 

Miller  and  Gurley,  Bull.  7,  Illinois  St.  Mus.,  1895,  p.  82,  pi.  5,  figs.  32,  33. — Miller,  N.  A.  Geol.  Pal.,  2d  App., 

1897,  P.  754.  fig-  1401. 

Differs  from  the  type  species  in  its  narrow,  cylindrical  form,  greater  rela- 
tive height  of  IBB,  and  less  constriction  at  the  distal  margin. 

Horizon  and  locality,  same  as  last. 

Thalamocrinus  globosus  new  species 
Plate  26,  figs.  lo-iob 

Calyx  short  and  almost  perfectly  spherical,  but  otherwise  similar  to  T.  ova- 
Uis,  of  which  it  may  be  only  a variety.  This  and  the  two  preceding  species  have 
a narrow  column-facet,  followed  by  an  expanding  base. 

Horizon  and  locality,  same  as  last. 

Thalamocrinus  elongatus  new  species 
Plate  26,  fig.  ii 

In  the  unique  specimen  of  this  Devonian  form  of  the  genus  the  RR  are 
missing,  but  otherwise  the  cup  above  the  column  shows  the  essential  elements, 
including  the  RA,  similar  to  the  foregoing  species.  But  the  basal  parts  are 
widely  different;  instead  of  the  BB  curving  inward  to  a narrow  facet,  they  are 
enveloped  to  about  their  full  width  by  the  proximal  ossicle  of  a large  column 
which  expands  broadly  towards  the  calyx.  In  general  contour  it  resembles 
T.  cylindricus,  but  is  considerably  larger  than  any  of  the  other  species. 

Horizon  and  locality.  Linden  formation,  Helderbergian,  Lower  Devonian ; Bentjon 
County,  Tennessee. 

(?)  Ampheristocrinus  typus  Hall 
Plate  31,  fig.  i 

Hall,  nth  Ann.  Rep.  Indiana  Dep.  Geol.,  1882,  p.  278,  pi.  15,  figs.  17,  18. — Wachsmuth  and  Springer,  Rev. 

Pal.,  3,  1886,  p.  219. — Bassler,  Bibliogr.  Index,  1915,  p.  32. 

A complete  crown  with  elongate,  slender  and  sharply  angular  cup:  long, 
delicate  arms  bifurcating  at  a rather  wide  angle  three  or  four  times;  radial 
facets  curved  and  very  narrow;  arms  uniserial  with  rather  long,  rounded  bra- 
chials.  IBB  elongate,  their  number  uncertain.  Anal  tube  long,  projecting  be- 
yond the  arms.  Stem  stout  and  long,  composed  of  short,  alternating  columnals. 

This  genus  and  species  were  founded  upon  a dorsal  cup  only,  without  either  arms  or 
stem.  It  is  characterized  hy  3 IBB  and  a prominent  anal  area  with  an  oblique  RA,  and  large 
anal  x.  Neither  of  these  is  shown  hy  the  unique  specimen  figured,  which  is  imbedded  upon  the 
posterior  side,  thus  leaving  the  generic  characters  in  doubt.  But  the  calyx  with  its  sharp 
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longitudinal  angularity  and  its  extremely  narrow  radial  facets  is  so  remarkably  like  the  type, 
that  we  can  readily  conceive  that  the  delicate  arms  would  go  with  it,  and  that  the  other  charac- 
ters probably  are  present.  The  genus  has  been  but  little  known,  and  this  specimen  certainly 
shows  how  it  ought  to  look,  so  I am  venturing  to  place  it  accordingly,  despite  the  difference 
in  horizon. 

Horizon  and  locality.  Beech  River  formation ; Decatur  County,  Tennessee ; type  is  from 
Waldron  shale,  Waldron,  Indiana. 

^ (?)  Lecythiocrinus  problematicus  new  species 

Plate  31,  figs,  ii,  iia,  b 

Lecythiocrinus  White,  Proc.  U.  S.  Nat.  Mus.,  2,  1880,  p.  256,  pi.  i,  figs.  4,  5. — Worthen,  Geol.  Surv.  Illinois, 

7,  P-  31?!  ph  31,  fig-  8. — Wachsmuth  and  Springer,  Rev.  Pal.,  3,  1886,  p.  228. 

Calyx  small,  low  and  broad.  IBB  3,  the  small  plate  in  r.  post,  position. 
BB  unequal,  all  rather  small  except  post.  B,  which  is  much  the  largest,  rising 
high  up  between  RR.  RR  large  and  massive,  with  facets  deeply  horse-shoe- 
shaped ; dorsal  canal  about  the  middle,  and  food  groove  at  upper  margin.  Anal 
opening  directly  through  the  calyx  wall  at  the  junction  of  post.  B and  the  two 
post.  RR,  carved  about  equally  out  of  each  of  them.  There  is  no  plate  above  it 
analogous  to  an  anal  x,  the  two  RR  abutting  directly.  Tegmen  apparently  com- 
posed of  interlocking  orals,  the  sutures  of  which  cannot  be  made  out;  ambulacra 
with  alternating  covering  pieces  pass  from  the  radials  under  the  orals. 

While  this  species  has  a strong  superficial  resemblance  to  some  of  the  Devonian  forms 
embraced  in  the  subfamily  Gasterocominae,  it  is  definitely  excluded  from  them  by  its  lack 
of  undivided  infrabasal  disk  and  peripheral  axial  canals,  which  are  so  characteristic  of  them. 
A later  genus  with  which  it  would  seem  to  agree  in  part  is  the  little  known  Lecythiocrinus 
from  the  American  Upper  Carboniferous,  having  3 IBB  and  a simple  axial  canal,  but  the 
radial  facets  are  directed  differently.  Although  not  stated  in  the  diagnosis,  this  genus  is  now 
known  to  have  the  anal  opening  through  the  dorsal  cup  as  in  the  Gasterocominae,  as  was  indi- 
cated by  Worthen  when  describing  L.  adan'isi,  and  confirmed  by  specimens  in  my  possession 
since  discovered.  Comparison  should  also  be  made  with  Hypocrinus  of  Beyrich  from  the 
Permian  of  Timor,  fully  described  by  Wanner  in  his  treatise  on  the  Timor  crinoids.  The 
reference  here  made  is  admittedly  doubtful. 

Horizon  and  locality.  Laurel  limestone,  Niagaran ; St.  Paul,  Indiana. 

CYATHOCRINUS  Miller 
Plate  SI 

Cyathocrinus  J.  S.  Miller,  Nat.  Hist.  Crin.,  1821,  p.  85.— Wachsmuth  and  Springer,  Rev.  Pal.,  i,  1879, 

p.  79;  3,  1886,  p.  21. — Bather,  Crin.  Goth,  1893,  p.  126;  Treatise  on  Zooh,  3,  1900,  p.  173. — Zittel- 

Eastman,  Textb.  Pah,  2d  ed.,  1913,  p.  220. — Bassler,  Bibliogr.  Index,  1915,  p.  316  (complete  synonymy). 

IBB  5.  No  RA.  Anal  t in  line  with  RR;  anus  at  end  of  a tube  short  and 
rounded,  or  long  with  valvular  pyramid  at  distal  end.  Radial  facets  horse-shoe- 
shaped, directed  outward.  Arms  dichotomous,  branching  numerously  at  rather 
wide  angles. 

Genotype.  Cyathocrinus  planus  Miller. 

Distribution.  Silurian  to  Low'er  Carboniferous ; Europe  and  America. 
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Cyathocrinus  decatur  new  species 
Plate  31,  fig.  2 

A complete  crown,  with  elongate  cup  perfectly  smooth  and  rounded.  IBB 
elongate,  probably  5,  anal  side  not  exposed.  BB  large;  RR  small,  facets  dis- 
tinctly facing  outward,  making  arm-bases  horizontal.  Arms  stout,  with  three 
or  four  wide-angled  bifurcations;  brachials  longer  than  wide.  Stem  wide,  the 
full  width  of  base,  with  columnals  lengthening  distally  until  as  long  as  wide. 

H orison  and  locality.  Beech  River  formation,  Niagaran ; Decatur  County,  Tennessee. 


Cyathocrinus  cf.  striolatus  Angelin 
Plate  SI,  figs-  4-7 

Cyathocrinus  striolatus  Angelin,  Icon.  Crin.  Suecc.,  1878,  p.  23. — Bather,  Crin.  Goth,  1893,  p.  136,  pi.  7, 
figs.  218-221. 

Dorsal  cup  forming  a truncate  cone  with  nearly  straight  sides ; plates  folded 
into  sharp  ridges  radiating  from  plate  to  plate,  leaving  distinct  pits  at  the  cor- 
ners ; surface  smooth  to  tubercular.  IBB  fairly  high,  with  lower  margin  slightly 
raised  into  a rim,  forming  a broad,  truncate  base.  BB  large.  RR  large  with 
fairly  wide,  curved  facets.  Anal  x small,  scarcely  half  the  size  of  RR.  Axial 
canal  large. 

I have  referred  the  four  specimens  here  figured  to  the  Gotland  species  with  considerable 
confidence,  but  the  arms  if  known  might  disclose  a specific  difference.  In  three  of  them  the 
surface  markings  are  sharp,  but  in  the  fourth  they  are  smoothed  by  erosion.  The  IBB  are  not 
uniform  in  size,  one  being  usually  smaller  than  the  others,  and  in  the  specimen  of  figure  6 
there  are  six  IBB,  thus  indicating  a tendency  to  instability  in  this  element. 

Horizon  and  locality.  Laurel  limestone ; St.  Paul,  Indiana. 


Cyathocrinus  wilsoni  new  species 
Plate  SI,  figs,  ja 

Distinguished  by  its  conical  calyx,  expanding  from  a very  small  column- 
facet,  and  the  great  length  of  its  deeply  rounded  brachials;  these  are  not  en- 
tirely uniform,  and  some  are  more  than  twice  as  long  as  others.  RR  facets 
deeply  excavate;  arms  bifurcating  widely  at  very  short  intervals  in  lower  part, 
some  with  only  one  brachial.  IBB  5,  small,  and  RR  much  larger  than  BB. 
Anal  X of  true  Cyathocrinid  type,  but  smaller  than  usual. 

Horizon  and  locality.  Laurel  limestone ; St.  Paul,  Indiana.  Named  for  the  late  Dr. 
Herrick  E.  Wilson,  who  collected  the  type. 
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Parisocrinus  siluricus  new  species 
Plate  31,  figs.  8,  8a 

Parisocrinus  Wachsmuth  and  Springer,  Rev.  Pal.,  i,  1879,  P-  uSi  ibid.,  3,  1886,  p.  221. — Springer,  New 
Amer.  Foss.  Crin.,  Mem.  M.  C.  Z.  Harvard,  1911,  p.  iS/. — Zittel-Eastman,  Textb.  Pal.,  2d  ed.,  1913, 
p.  218. 

This  primarily  Lower  Carboniferous  type,  occurring  sparsely  in  the  De- 
vonian, must  now  be  moved  a step  further  back  in  the  geological  scale  as  the 
result  of  the  discovery  of  the  fine  species  here  illustrated.  The  genus  has  been 
described  as  a Cyathocrinid  with  Poteriocrinid  anal  side — that  is,  it  has  curved 
radial  facets  only  part  the  width  of  the  radials,  and  non-pinnulate  arms,  com- 
bined with  a large  radianal ; as  a further  Cyathocrinid  character  it  has  the  anal 
opening  at  the  distal  end  of  a large  tube. ' These  characters  are  strongly  empha- 
sized in  the  present  species.  It  has  a smooth,  expanding  turbinate  calyx  with 
5 large  IBB,  large  RR  with  facets  directed  upward;  rather  stout  arms  bifur- 
cating twice  or  oftener,  with  fairly  long  brachials.  The  tube  is  large  in  propor- 
tion to  the  calyx,  as  usual  in  the  genus,  and  is  heavily  plated  to  the  end.  RA  is 
only  partly  shown  in  figure  15a,  but  it  is  nearly  as  large  as  .r.  Column  large, 
composed  of  alternating  columnals. 

Horizon  and  locality.  Laurel  limestone;  St.  Paul,  Indiana. 

Gissocrinus  Angelin 
Plate  32 

Gissocrinus  Angelin,  Icon.  Crin.  Suecc.,  1878,  p.  10. — Wachsmuth  and  Springer,  Rev.  Pah,  i,  p.  89. — 
Bather,  Crin.  Goth,  1893,  p.  152;  Treatise  on  Zooh,  3,  1900,  p.  175. — Zittel-Eastman,  Textb.  Pah,  2d 
ed.,  1913,  p.  220. 

Similar  to  Cyathocrimis,  but  with  less  than  5 IBB,  and  a tendency  to  greater 
surface  sculpture  and  variation  in  arms. 

Genotype.  Gissocrinus  typus  Bather. 

Distribution.  Silurian ; Gotland,  England,  America. 

This  genus,  one  of  the  most  prominent  Inadunate  crinoids  of  Gotland  and  England,  has 
not  hitherto  been  known  in  America.  It  is  now  represented  in  our  Silurian  fauna  by  several 
species,  one  of  which  presents  characters  wholly  novel.  Nine  species  are  recognized  from 
Gotland,  two  of  which  are  also  well  known  in  England,  and  one  is  common  at  Dudley  only. 
The  Gotland  species  are  all  fully  described  in  Bather’s  work  of  1893,  above  cited. 


Gissocrinus  lyoni  new  species 
Plate  32,  figs,  i,  la 

A rather  massive  species,  of  the  type  of  the  English  species  G.  goniadactylus 
Phillips  {Cyathocrinites  goniadactylus,  in  Murchison’s  Silurian  System,  1839, 
p.  671,  pi.  17,  fig.  i).  IBB  3.  Cup  rather  low,  broadly  spreading.  Arms  stout. 
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angular  at  the  back,  branching  but  few  times.  It  is  based  on  a single  specimen 
from  a higher  horizon  than  those  following,  and  I have  been  able  to  expose  the 
crown  fully  for  both  lateral  and  dorsal  views. 

Horizon  and  locality.  Louisville  limestone;  Jetferson  County,  Kentucky. 

Gissocrinus  delicatus  new  species 
Plate  32,  fig.  2 

A small  species,  of  the  type  of  G.  typus  Bather,  Crin.  Goth,  p.  155,  but 
with  cup  more  slender  and  turbinate,  and  arms  more  delicate  with  numerous 
bifurcations.  IBB  apparently  3,  followed  by  very  elongate  BB.  Anal  tube  ex- 
tremely long,  projecting  beyond  the  tips  of  the  arms.  There  is  only  the  one 
specimen,  very  well  preserved. 

Horizon  and  locality.  Beech  River  formation ; Decatur  County,  Tennessee. 

Gissocrinus  magnibrachiatus  new  species 
Plate  32,  figs.  3-6 

Of  very  large  size,  far  larger  than  any  other  known  species ; crown  so  far 
as  preserved  about  75  mm.  high.  Calyx  small,  crushed  in  the  only  specimen 
preserving  it  and  its  composition  unknown.  Arms  of  relatively  enormous  size 
compared  with  the  calyx,  composed  of  long,  broad,  low  convex  and  very  thin 
brachials  with  smooth  surface,  ranging  from  10  to  14  mm.  high  to  7 to  10  mm. 
wide,  with  frequent  bifurcations  in  the  lower  part,  even  from  successive  bra- 
chials; articulating  faces  of  brachials  connected  by  i,  2,  or  occasionally  3 small 
patelloid  plates,  most  frequently  2 in  succession,  arising  from  deeply  curved 
facets  occupying  less  than  half  the  width  of  the  brachial;  the  distal  faces  of  the 
axillaries  have  2 pairs  of  patelloid  plates  abreast  and  near  the  lateral  margins, 
while  on  the  other  faces  the  patelloid  is  in  the  middle;  they  are  as  thick  as  the 
brachials,  and  pass  through  to  the  inside.  The  positions  of  these  connecting 
plates  coincide  exactly  with  the  course  of  the  ventral  furrows  or  food  grooves 
on  the  inner  side  of  the  brachials,  which  branch  upon  the  axillaries  and  are 
doubled  at  the  distal  end;  the  grooves  are  extremely  narrow,  not  over  one  fifth 
the  total  width  of  the  brachial,  and  are  closed  by  a double  row  of  small,  alter- 
nating covering  plates  not  over  half  a millemeter  long  and  wide. 

Having  assembled  an  excellent  series  of  specimens  of  the  principal  English  species,  the 
study  of  these  in  connection  with  Bather’s  exhaustive  illustrations  of  the  Swedish  forms  gave 
me  a mental  picture  of  this  as  a genus  of  wide  variations,  especially  in  the  arms,  under  which 
the  unexpected  was  always  liable  to  occur.  With  this  in  mind,  when  the  first  specimens  of 
this  extraordinary  form  were  disclosed  among  the  Tennessee  collections,  I labeled  them 
Gissocrinus  without  any  very  definite  reason  for  it.  As  other  specimens  appeared  showing 
complete  constancy  of  characters  hitherto  without  precedent,  I began  to  wish  for  assistance 
toward  the  understanding  of  it,  and  accordingly  sent  a photograph  of  one  of  the  most  instruc- 
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tive  specimens  to  Dr.  Bather  at  the  British  Museum,  requesting  his  opinion  on  the  tentative 
identification  I had  made.  His  answer  was  that  upon  first  looking  at  the  picture,  before 
reading  anything  I had  written  about  it,  he  had  said  Gissocrinus,”  but  without  knowing  why. 
So  in  view  of  our  scant  knowledge  concerning  the  structure  of  the  calyx,  these  two  concur- 
rent guesses  will  have  to  be  taken  as  the  chief  authority  for  the  generic  reference. 

The  most  remarkable  feature  of  the  species  is  the  small  oval  connecting  plates  at  the 
brachial  articulations,  sometimes  two,  or  even  three,  in  succession,  and  located  precisely  where 
the  food  grooves,  whether  one  or  two,  cross  the  faces  of  the  brachials ; they  are  not  confined 
to  the  dorsal  side,  but  extend  entirely  through  to  the  interior,  where  they  are  equally  promi- 
nent, as  is  beautifully  shown  by  figure  6.  I know  of  nothing  else  like  them  in  crinoid  mor- 
phology. The  term  “ patelloid  plates  ” which  I have  applied  to  them  will  doubtless  recall  the 
term  as  used  by  Hall  for  some  supposed  intervening  plates  connecting  successive  brachials  in 
Forbesiocrinus  and  other  genera ; but  those,  as  I have  shown  at  length  in  the  Flexibilia  mono- 
graph of  1920,  pages  44,  1 12,  239,  etc.,  are  not  plates,  but  only  superficial  processes  from 
the  proximal  face  of  brachials  at  the  dorsal  side,  which  sometimes  get  broken  off  and  thus 
may  resemble  plates.  This  crinoid  must  have  been  of  fragile  construction,  as  indicated  by 
the  extreme  thinness  of  the  wide-spreading  brachials ; this  is  well  shown  by  figures  3 and  6, 
where  several  of  them  are  seen  superimposed  in  two  or  more  layers.  They  recall  the  paper- 
like calyx  plates  of  Uintacrinus. 

Florizon  and  locality.  Beech  River  formation ; Tuck’s  Mill,  Decatur  County,  Tennessee. 

Gissocrinus  approximatus  new  species 
Plate  32,  figs,  y-p 

Fragmentary  brachials  found  at  St.  Paul  indicate  that  forms  similar  to 
the  last  exist  in  the  Laurel  limestone,  with  an  important  difference  in  the  ap- 
parent absence  of  the  patelloid  plates.  We  have  isolated  axillary  brachials  with 
food-grooves  both  open  and  covered,  as  figured,  one  of  them  of  even  greater 
length  than  in  the  Tennessee  specimens. 

Horizon  and  locality.  Laurel  limestone ; St.  Paul,  Indiana. 

Gissocrinus  quadratus  new  species 
Plate  32,  figs.  10,  ii 

I figure  under  this  name  an  axillary  plate  and  the  two  following  it  which 
are  nearly  rectangular,  and  clearly  devoid  of  any  patelloid  plates,  and  also  a series 
of  nearly  square  plates  with  the  food-grooves  covered.  No  other  parts  of  this 
or  the  preceding  species  were  found,  but  their  occurrence  is  important  as  evi- 
dence of  the  wide  distribution  and  variable  nature  of  this  peculiar  type. 

Horizon  and  locality,  same  as  last. 

Botryocrinus  tenuidactylus  new  species 
Plate  31,  fi.g.  p 

Botryocrinus  Angelin,  Icon.  Crin.  .Suecc.,  1878,  p.  24. — Wachsmuth  and  Springer,  Rev.  Pal.,  i,  1879,  p.  97; 

3,  1886,  p.  191. — Bather,  Ann.  Mag.  Nat.  Hist.,  7,  1891,  p.  392;  ibid.,  9,  1892,  p.  189;  Treatise  on 

Zool.,  3,  1900,  p.  113,  figs.  21,  179. — Zittel-Eastman,  Textb.  Pal.,  2d  ed.,  1913,  p.  221. — Bassler, 

Bibliogr.  Index,  1915,  p.  130. 

This  genus  is  chiefly  distinguished  from  the  Cyathocrinidae  by  its  mode 
of  arm-branching,  which  is  mostly  of  the  heterotomous  type,  the  rays  dividing 
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into  two  main  rami  which  give  off  ramules,  sometimes  approaching  pinnulation. 
It  also  has  the  RA  small,  rhomboidal,  in  the  oblique  position.  RR  facets  curved, 
less  than  width  of  plate.  Our  specimen  unfortunately  lacks  the  calyx,  but  the 
set  of  arms  figured  has  a facies  not  dissimilar  to  that  of  the  English  species 
B.  ramosus,  but  the  arms  are  more  slender  and  brachials  longer.  The  ramules 
are  long,  and  in  turn  bear  pinnules  which  are  apparently  confined  to  the  side 
next  to  the  main  arm.  No  other  specimen  was  found. 

Two  species  from  the  Waldron  shale  described  by  Hall  from  the  calyx  only  as  Dendro- 
crinus  nucleus  and  Cyatlwcrimis  polyxo,  have  been  referred  to  Botryocriniis,  and  I am 
figuring  a calyx  perhaps  of  the  latter,  from  Hartsville,  Indiana,  seen  from  the  anal  side,  to 
show  the  type  which  might  be  expected  to  go  with  these  arms,  plate  31,  figure  10. 

Horizon  and  locality.  Beech  River  formation ; Decatur  County,  Tennessee. 
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Parastephanocrinus  typus  new  genus  and  species 
Plate  31,  figs.  12-120 

Dicyclic.  Calyx  small,  low  and  broad,  height  to  width  5 to  7 mm.,  with  a 
concave  base.  IBB  5,  at  the  bottom  of  the  cavity.  BB  large,  elongate,  forming 
more  than  half  the  bulk  of  the  calyx,  curving  upwards,  and  elevated  into  high 
median  ridges  which  branch  to  the  next  plates;  post.  B rises  above  the  others 
to  about  half  the  height  of  RR,  curving  inward  to  the  anal  opening.  RR  much 
smaller  exteriorly,  but  massive,  extending  deeply  in  toward  the  oral  center,  and 
forking  into  strong  projecting  processes  at  either  side  which  meet  and  abut  in 
pairs,  except  at  the  posterior  interradius  where  they  are  separated  by  the  anus ; 
they  are  deeply  indented  medially  by  grooves  for  ambulacra  toward  the  central 
cavity,  with  narrow,  round  facets  facing  outward,  and  occupying  about  one 
third  the  width  of  the  plate.  Anal  opening  at  the  margin  between  RR  and  post.  B. 
Plates  of  tegmen  unknown,  but  the  central  space  was  probably  filled  by  solid  orals. 

The  first  thought  on  looking  at  the  ventral  side  of  this  crinoid  is  of  the  ever-puzzling 
Stephanocrinus.  The  deep  ambulacral  grooves,  and  the  paired  processes  of  the  forked  radials, 
are  substantially  on  the  same  plan ; the  open  space  at  the  center  is  just  right  to  accommodate 
a set  of  interlocking  orals,  with  covered  ambulacra  passing  under  them.  But  the  dicyclic  base 
and  concave  cup  must  exclude  it  from  that  genus,  and  the  only  recourse  is  to  propose  a new 
genus  for  its  reception ; in  doing  so,  I recognize  how  limited  our  understanding  of  it  is.  From 
the  form  and  position  of  the  facets  it  is  improbable  that  the  arms  could  have  been  like  those 
of  Stephana crinus ; but  at  all  events  they  were  small.  As  an  aid  to  the  discussion,  I give  some 
figures  showing  the  leading  characters  of  Stephana criniis. 

Harizan  and  lacality.  Louisville  limestone,  Niagaran ; miles  east  of  Bob,  Decatur 
County,  Tennessee. 


Stephanocrinus  angulatus  Conrad 
Plate  31,  figs.  13-16 

Stephanocrinus  Conrad,  Jour.  Acad.  Nat.  Sci.,  Phil.,  8,  1842,  p.  278;  p.  279,  pi.  15,  fig.  18. — Wachsmuth 
and  Springer,  Rev.  Pal.,  3,  1886,  p.  291. — Bather,  Treatise  on  Zool,  3,  1900,  p.  97,  fig.  2,  p.  145. — 
Zittel-Eastman,  Textb.  Pal.,  2d  ed.,  1913,  p.  207. — Jaekel,  Phylogenie  und  System,  1918,  p.  109. — 
Wanner,  Permischen  Blastoiden  von  Timor,  1924,  p.  186. — Bassler,  Bibliogr.  Index,  1915,  p.  1187  (com- 
plete synonymy  and  list  of  species). 

This  genus  is  of  debatable  systematic  position,  and  has  been  variously  con- 
sidered by  different  authors  as  a crinoid,  a cystid  or  a blastoid.  In  favor  of  the 
first  view  are  the  branching,  biserial  arms ; while  the  forked  radials,  resemblance 
of  the  orals  to  the  deltoids,  and  the  orientation  of  the  small  basal  in  the  r.  ant. 
interradial  position  instead  of  the  1.  ant.,  as  in  crinoids  with  3 basals,  are  all 
characters  which  tend  toward  the  blastoids.  I am  figuring  some  specimens  of 
the  type  species  from  Lockport,  New  York,  and  aijother  from  Tennessee,  for 
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comparison  with  the  preceding  species,  to  show  the  extremes  in  general  form 
of  calyx,  variation  in  the  forked  radials,  the  orals  covering  the  central  space 
of  the  tegmen,  and  a detail  of  the  arm  clusters. 

5.  angulatus  Conrad,  the  type,  is  from  the  Rochester  shale,  and  S.  gemmiformis  Hall, 
plate  SI,  figures  17-19,  a species  of  wide  distribution  and  in  many  ways  the  opposite  of  the 
former,  was  described  from  the  same  horizon  and  locality,  as  well  as  from  the  Waldron  for- 
mation of  Indiana,  and  is  also  found  at  Newsom,  and  other  localities  in  Tennessee. 


BLASTOIDEA  AND  CYSTIDEA 


I4I 


The  BLASTOIDEA  and  CYSTIDEA 
It  has  not  been  my  intention  to  make  a critical  study  of  these  two  classes ; 
yet  in  view  of  their  intimate  association  with  the  crinoids  in  the  formations  here 
discussed,  it  seems  advisable  to  illustrate  the  more  prominent  forms  which  have 
appeared  in  the  collections.  These  include  two  species  of  blastoids  and  seven  of 
cystids. 

Troostocrinus  reinwardti  (Troost) 

Plate  33,  figs.  1-8 

Pentremites  reinwardti  Troost,  Trans.  Geol.  Soc.  Pennsylvania,  1835,  p.  224,  pi.  10,  figs.  9-12;  sth  Geol. 
Rep.  Tennessee,  1840,  p.  55. — Pcntatrc mites  reinwardti  Roemer,  Sil.  Fauna  Westl.  Tennessee,  i860, 
p.  60,  pi.  3,  figs.  2a-c. — Pentremites  {Troostocrinus)  reinwardti  Shumard,  Trans.  Acad.  Sci. 
St.  Louis,  2,  1866,  pp.  384,  385. — Bassler,  Bibliogr.  Index,  1915,  p.  1305;  complete  synonymy  of 
genus  and  species. 

This  species  has  been  well  known  by  weathered  specimens  in  the  Tennessee  glades  from 
the  earliest  times,  but  it  is  only  with  the  present  collections  that  its  prolific  occurrence  in  a 
definite  horizon  became  manifest.  Here  in  the  middle  zone  of  the  Beech  River  shales  it  was 
obtained  in  place  in  large  numbers,  being  so  characteristic  that  the  generic  name  was  attached 
to  that  subdivision.  It  is  probable  that  most  of  those  from  the  glades  were  derived  from 
erosion  of  the  same  bed.  The  species  has  a wide  distribution  throughout  the  Tennessee  area, 
and  has  also  been  reported  from  the  Louisville  limestone  of  Kentucky. 

While  specimens  from  the  glades  usually  have  the  extremely  narrow  base  broken  off, 
the  preservation  of  those  found  in  the  shales  is  excellent,  presenting  in  a well  defined  type  a 
considerable  variation  in  size  and  proportions.  I am  figuring  a representative  selection  rang- 
ing from,  10  to  45  mm.  in  height;  and  along  with  these  a unique  specimen  with  the  brachioles 
intact — a condition  not  before  seen. 

Horizon  and  locality.  - Troostocrinus  zone  of  the  Beech  River  formation,  Niagaran ; 
Tuck’s  Mill  and  on  glades  in  Decatur,  WAyne  and  Perry  counties,  Tennessee. 

Troostocrinus  sanctipaulensis  Eoerste 
Plate  33,  fig.  9 

Ohio  Jour.  Sci.,  21,  1920,  p.  64,  pi.  i,  fig.  16. 

An  imperfect  specimen  from  the  Laurel  limestone  at  St.  Paul ; differing  but  little  from  the 
preceding. 


Tetracystis  fenestratus  Schiichert 
Plate  33,  figs.  10-14 

Echinoencrinites  fenestratus  Troost,  Am.  Jour.  Sci.,  (2)  8,  1849,  p.  419  (not  defined)  ; Bull.  64,  U.  S.  Nat. 
Mus.,  1909,  p.  8. — Tetracystis  fenestratus  Schuchert,  Smithsonian  Misc.  Coll.,  47,  1904,  p.  219,  pi.  34, 
figs.  6-8. — Wood,  Bull.  64,  U.  S.  Nat.  Mus.,  1909,  p.  8. — Bassler,  Bibliogr.  Index,  1915,  p.  1263. 

This  form  was  recognized  by  Troost  in  1849,  ai'id  formed  the  subject  of  an  elaborate 
description  in  his  then  unpublished  monograph,  as  now  appears  in  the  U.  S.  National  Museum 
Bulletin  64.  In  the  meantime  Schuchert’s  description  was  published,  based  upon  Troost’s 
solitary  specimen,  with  proper  credit  to  him.  The  species  is  quite  rare,  not  having  been  found 
by  any  of  the  collectors  since  Troost  and  Roemer  until  the  material  now  in  hand  was  obtained 
in  the  Encalyptocrinus  zone  at  the  Tuck’s  Mill  excavations.  This  consists  of  eight  specimens, 
of  which  I am  figuring  five,  giving  lateral  views  from  four  positions  and  one  ventral.  The 
circular  cross-section  of  the  calyx,  the  three  abutting  pairs  of  pectinirhombs,  the  four  open 
ambulacral  grooves  traversing  the  surface  longitudinally,  are  all  thoroughly  shown.  The 
grooves  were  bordered  by  about  ii  pairs  of  brachioles  marked  by  their  slightly  raised  bases. 
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and  in  one  instance  traces  of  the  brachioles  themselves  are  seen  in  place.  The  hydropore 
exhibits  a tendency  to  doubling,  some  specimens  having  two  pores.  The  surface  of  the  plates 
is  deeply  sculptured  into  rugose  ridges  or  folds,  mostly  vertical  to  the  sutures ; the  preserva- 
tion of  this  ornament  is  variable,  but  in  several  specimens  it  is  very  sharp  and  distinct.  In  the 
last  three  characters  there  are  some  differences  from  the  type  as  described,  which  may  be 
due  to  individual  variation,  or  upon  closer  study  may  warrant  the  proposal  of  a new  species. 

It  is  interesting  to  note,  as  bearing  upon  the  relation  of  the  American  and  European 
Silurian,  that  Angelin  described  and  figured  a remarkably  similar  form  from  the  Wenlockian 
of  Gotland,^  and  referred  it  to  the  American  species  Lepadocrimis  gehhardi  Conrad.  Another 
of  similar  type  has  been  described  from  the  English  Silurian  under  the  name  Pseudocrinus 
quadrifasciatus,  illustrated  by  Bather  in  Lankester  Zoology,  page  62.  On  the  other  hand 
Caryocrinus,  the  most  prolific  American  type,  is  not  represented  in  the  European  Silurian. 

Horizon  and  locality.  Beech  River  formation,  Encalyptocrimis  zone,  Niagaran ; Decatur 
County,  Tennessee. 


Stribalocystites  gorbyi  S.  A.  Miller 
Plate  3S,  figs.  15-18 

Stribalocystites  gorbyi  Miller,  i8th  Ann,  Rep.  Indiana  Dep.  GeoL,  1894,  p.  265,  pi.  2,  figs.  3-8. — Bassler, 
Bibliogr.  Index,  1915,  p.  1209,  for  genus  and  species. 

This  peculiar  genus,  which  is  said  by  the  author  to  have  no  arms,  is  represented  by  a 
series  of  good  specimens  of  this  small  species  from  the  type  locality.  It  is  notable  for  the 
extremely  small  size  of  the  tegTnen,  which  is  composed  of  only  5 or  6 plates  without  any 
fixed  plan  of  arrangement.  Arm-facets  are  certainly  present,  though  obscure,  3 to  5 in  num- 
ber. Otherwise  the  structure  is  that  of  Caryocrinus,  the  folds  and  raised  pores  being  in  a 
variety  of  conditions.  In  general  form  and  appearance  of  the  calyx  in  a lateral  view  the 
species  seems  quite  similar  to  Caryocrinus  hulbulus. 

Horizon  and  locality.  Laurel  limestone,  Niagaran ; St.  Paul,  Indiana. 

Lysocystites  sculptus  (S.  A.  Miller) 

Plate  33,  figs.  19-22 

Lysocystites  Miller,  N.  A.  Geol.  Pal.,  1889,  p.  259. — Bather,  Treatise  on  Zool.,  3,  1900,  p.  70. — Aethocystites 
sculptus  Miller,  i8th  Ann.  Rep.  Indiana  Dep.  Geol.,  1894,  p.  264,  pi.  2,  fig.  2 (adv.  sheets,  1892, 
p.  10). — Lysocystites  sculptus  Foerste,  Ohio  Jour.  Sci.,  vol.  21,  1920,  p.  44,  fig.  3. 

Originally  described  from  imperfect  material  which  left  most  of  the  characters  in  doubt. 
In  1920  Dr.  Eoerste,  from  a study  of  the  specimens  here  figured  together  with  the  types, 
worked  out  the  plate  system  of  this  species,  showing  that  it  belongs  to  the  genus  Lysocystites 
proposed  by  Miller  for  the  preoccupied  Echinocystites  and  referred  by  Bather  tO'  the  family 
Cryptocrinidae  of  the  rare  order  Aporita,  without  pores  or  rhombs.  The  cup  consists  of  three 
circlets  of  plates,  the  first  containing  3 unequal  plates,  the  equivalent  of  5 with  two  pairs 
fused ; the  second  5 very  large  elongate  plates,  obtusely  hexagonal,  and  about  as  high  as  the 
first  and  third  combined ; the  third  5,  pentagonal,  converging  to  the  tegmen.  A prominent 
tubular  fold  runs  from  the  column  to  each  salient  angle  of  the  base,  thence  to  the  center  of 
each  plate  of  the  second  circlet  and  on  to  the  upper  corners,  and  from  there  less  prominent  up 
the  middle  of  those  of  the  third  circlet.  The  wall  of  these  folds  is  very  thin,  and  they  are 
frequently  broken  down,  leaving  open  fissures ; this  is  especially  true  in  the  third  circlet,  where 
with  considerable  uniformity  large  longitudinal  openings  are  exposed.  Tbe  tubular  folds 
enclose  diamond-sbaped  areas  which  are  traversed  by  low  vertical  striations  extending  up  the 
middle  of  the  plates  for  their  full  height,  with  transverse  bands  of  striae  from  center  to 
center  of  the  large  plates  of  second  circlet.  The  anal  opening  is  outside  the  tegmen  toward  the 
apex  of  plates  of  third  circlet. 

1 Icon.  Grin.  Suecc.,  1878,  p.  32,  pi.  ii,  figs.  29-35;  pi.  19,  figs.  i8a-c. 
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The  tegmen  is  extremely  small,  in  mature  specimens  about  one  fourth  the  greatest  diame- 
ter of  the  cup ; it  contains  a fourth  circlet  of  five  small  plates  enclosing  a central  space,  from 
which  shallow  food-grooves  extend  outward.  The  apparently  central  plate  shown  by  the 
drawing  in  fig.  22  proves  to  be  a foreign  substance. 

This  form  is  represented  by  four  good  specimens,  two  large  and  two  small,  ranging  in 
height  from  30  down  to  10  mm.  The  former  are  typical  for  the  species,  while  the  latter,  figs.  21, 
22,  represent  a more  globose  species  which  may  take  the  name  Lysocystites  globosiis. 

Horizon  and  locality.  Laurel  limestone,  Niagaran;  St.  Paul,  Indiana. 

Caryocrinus  bulbulus  Miller  and  Gurley 
Plate  ?y,  figs.  2g-2'j 

Caryocrinus  bulbulus  Miller  and  Gurley,  Bull.  5,  Illinois  St.  Mus.,  1894,  p.  ii,  figs.  15-18. — Bassler,  Bibliogr. 

Index,  1915,  p.  186. 

I have  referred  a- series  of  five  good  specimens  to  this  species,  on  account  of  the  general 
contour  and  the  strong  protuberance  on  the  middle  of  the  second  range  of  plates.  In  the 
description  the  surface  is  said  to  be  otherwise  smooth,  but  here  it  is  marked  by  a variety  of 
sculpture.  They  all  have  a juvenile  aspect,  and  may  be  merely  the  young  of  C.  milliganae. 

Horizon  and  locality.  Beech  River  formation,  Niagaran;  Decatur  County,  Tennessee. 

Caryocrinus  persculptus  new  species 
Plate  ss,  fig.  28 

A strongly  marked  form  of  turbinate  contour,  in  which  the  entire  surface  is  covered  with 
such  an  intense  sculpture  that  the  folds  and  pores  are  transformed  into  solid,  rugose  ridges, 
strongly  elevated,  not  only  on  the  lines  of  folds  but  between  them,.  It  is  from  a different 
horizon  from  all  the  described  species,  none  of  which  agree  with  it  in  the  characters  stated. 
The  one  that  nearest  resembles  it  in  surface  markings  is  Caryocrinus  ellipticus  Miller  and 
Gurley,  from  the  Osgood. 

Horizon  and  locality.  Waldron  shale,  Niagaran ; Newsom,  Tennessee. 

Caryocrinus  milliganae  Miller  and  Gurley 
Plate  33,  figs.  29-36 

Caryocrinus  milliganae  M.  & G.,  Bull  9,  Illinois  St.  Mus.,  1896,  p.  63,  pi.  5,  figs.  3,  4. — Wood,  Bull.  64, 

U.  S.  Nat.  Mus.,  1909,  p.  10. — Bassler,  Bibliogr.  Index,  1915,  p.  186,  for  genus  and  species. 

This  is  the  most  abundant  cystid  in  the  Tennessee  area,  and  is  subject  to  considerable 
variation  in  general  form,  from  pear-shaped  to  ovoid,  and  from  rotund  to  elongate.  It  attains 
a large  size.  The  stereom  folds  radiating  from  the  middle  of  the  plates,  and  the  lines  of  pores 
with  their  raised  margins,  characteristic  of  the  genus,  are  abundantly  shown  in  this  material. 

Troost  proposed  three  species  for  different  varieties,  all  of  which  are  listed  under  the 
present  species  in  Miss  Wood’s  edition  of  his  monograph,  .'\mong  the  earlier  collectors  this 
form  was  always  referred  to  C.  ornatus  Say.  I am  figuring  five  rather  well  marked  types, 
which  will  give  a good  idea  of  the  range  of  variation  shown  by  the  collection,  supplemented  by 
an  instructive  figure  of  Say’s  well  known  genotype  from  Lockport. 

Horizon  and  locality.  Beech  River  formation,  Niagaran ; Decatur  County,  Tennessee. 

Caryocrinus  ornatus  Say 

Plate  33,  fig.  37 

Jour.  Acad.  Nat.  Sci.  Phil.,  4,  1825,  p.  290. — Bassler,  Bibliogr.  Index,  1915,  p.  187. 

For  comparison  with  the  forms  from  the  Tennessee  area,  and  to  show  the  structure  of  the 
biserial  arms. 

Horizon  and  locality.  Rochester  shale,  Niagaran;  Lockport,  New  York. 
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PERSONAL  RECORD  ^ 

FRANK  SPRINGER 
Las  Vegas,  New  Mexico 
SKETCH  2 

Frank  Springer,  son  of  Francis  and  Nancy  R.  Springer,  was  born  at  Wapello,  Iowa, 
June  17,  1848.  He  received  his  education  in  the  public  schools  and  at  the  State  University  of 
Iowa.  He  was  admitted  to  the  bar  in  Iowa  in  1869,  and  came  to  New  Mexico  in  1873,  settling 
at  Cimarron,  where  on  October  10,  1876,  he  was  married  to  Josephine  M.  Bishop.  He  imme- 
diately took  foremost  rank  in  his  thosen  profession,  and  has  since  been  recognized  as  one 
of  the  leaders  of  the  New  Mexico  bar.  In  1890  he  was  elected  president  of  the  New  Mexico 
Bar  Association,  in  which  capacity  he  delivered  an  address  dealing  entirely  with  the  urgent 
necessity  for  the  immediate  settlement  by  the  Congress  of  the  United  States,  through  a proper 
tribunal,  of  titles  under  Spanish  and  Mexican  land  grants.  The  bill,  which  finally  became  a 
law,  was  drafted  principally  by  him.  The  bar  association  attached  so  much  importance  to  this 
address  that  it  was  printed  in  full,  and  distributed  among  members  of  Congress,  and  filed 
with  the  Land  Department  at  Washington.  The  subject  matter  of  the  address  produced  a 
profound  impression  at  Washington  with  the  President  of  the  United  States  and  members 
of  Congress  alike.  A direct  result  was  the  passage  of  the  act  establishing  the  court  of  private 
land  claims.  As  attorney  for  the  Maxwell  Land  Grant  Company,  Mr.  Springer  achieved  his 
greatest  professional  success.  In  the  trial  of  many  causes  in  the  courts  of  New  Mexico  in 
which  that  company  was  a party,  and  in  the  final  determination  of  the  title  of  the  company 
to  the  lands  embraced  witbin  the  limits  of  the  grant,  as  confirmed  by  Congress,  decided  in 
favor  of  the  company  in  United  States  vs.  The  Maxwell  Land  Grant  Company,  his  prepara- 
tion, argument,  and  management  were  masterly,  eliciting  commendation  from  members  of 
the  Supreme  Court  of  the  United  States.  He  is  the  president  of  the  board  of  trustees  of  the 
Maxwell  Land  Grant  Company,  whose  business  affairs  under  his  management  and  direction 
have  been  phenomenally  successful.  He  retired  from  the  active  practice  of  his  profession  in 
1906,  since  which  time  he  has  given  much  attention  to  scientific  study  and  research.  He  was 
twice  a member  of  the  legislative  council  of  New  Mexico,  in  which  position  he  rendered  the 
territory  great  service.  As  a paleontologist  he  takes  first  rank  among  scientists  in  America. 
He  is  a member  of  the  Archaeological  Institute  of  America,  and  a patron  of  the  School  of 
American  Archaeology  at  Santa  Fe,  New  Mexico.  Through  the  generosity  of  Mr.  Springer 
the  restorations,  in  part,  and  many  of  the  mural  decorations  in  the  Old  Palace,  have  been 
accomplished  under  the  direction  of  Dr.  Edgar  L.  Hewett,  director  of  the  school. 

{Further  note  by  R.  E.  T.)  : 

To  the  union  of  Frank  and  Josephine  M.  Springer  seven  children  were  born,  four 
daughters  and  three  sons,  viz. ; 

Laura,  wife  of  Mr.  John  J.  K.  Caskie,  General  Attorney  of  the  Philadelphia  Rapid  Transit 
Company,  residing  in  Philadelphia. 

Helen,  wife  of  Dr.  John  F.  Fairbairn,  of  Buffalo,  New  York. 

Ada,  wife  of  Dr.  Warren  B.  Davis,  of  Philadelphia. 

1 From  Tmitchell’s  Leading  Facts  of  New  Mexican  History,  Vol.  II,  p.  453- 

2 [Editor’s  Note. — The  biographical  material  given  on  pages  144-5  and  153  to  166  is  taken  from  a 
memorial  volume  compiled  by  Ralph  Emerson  Twitchell,  life  long  friend  ,of  Mr.  Springer;  it  is  here 
included  at  the  express  wish  of  Mr.  Springer  who  feels  that  the  present  paper  perhaps  may  be  his  last 
personal  contribution  to  science,  and  desires  to  present  the  background  for  his  scientific  activities  in  its 
relation  to  affairs  in  his  state.] 
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These  three  daughters  pursued  different  lines  of  study  in  American  colleges,  supple- 
mented by  several  years  of  work  in  Europe.  Ada  received  the  degree  of  Master  of  Arts  from 
Columbia  University. 

The  husbands  of  the  last  two  are  surgeons  eminent  in  their  profession,  each  of  whom, 
as  well  as  the  first,  left  a lucrative  practice  to  serve  the  government  as  a volunteer  during  the 
Great  War. 

Eva  Springer,  an  artist,  whose  paintings  have  been  accepted  at  the  exhibitions  of  the 
Paris  Salon,  the  London  Academy,  the  Philadelphia  Academy  of  Fine  Arts  and  other  prin- 
cipal art  exhibitions  of  this  country.  A collection  of  miniatures  by  her  formed  one  of  the 
attractions  of  the  New  Mexico  Museum  for  several  years. 

Major  Edward  T.  Springer,  of  Cimarron,  New  Mexico.  Manager  of  the  live  stock  busi- 
ness in  which  the  family  are  interested. 

Lieutenant  L.  Wallace  Springer,  of  Cimarron,  New  Mexico.  Manager  of  the  irrigation 
enterprise  which  built  the  Eagle’s  Nest  Dam. 

The  two  last  mentioned  boys  represented  the  family  in  the  Great  War,  serving  in  the 
A.  E.  F.  at  the  front  during  the  American  campaign  in  France.  Edward  was  a captain  in 
the  2ist  Field  Artillery  of  the  Fifth  Division,  being  promoted  to  that  rank  during  the  Argonne 
offensive,  and  to  that  of  Major  in  the  Reserve  Army  after  the  war.  Wallace  entered  the 
aviation  service,  and  was  made  a first  lieutenant  in  the  Eleventh  Squadron,  taking  part  in  the 
air  battles  on  the  Argonne  front,  in  one  of  which  he  was  wounded  a few  days  before  the 
Armistice. 

Henry  S.  Springer,  formerly  of  Cimarron,  New  Mexico.  A well  known  live  stock 
grower,  who  was  selected  by  the  family  to  remain  in  charge  of  necessary  productive  industry 
during  the  war.  He  was  prominent  in.  all  the  home  activities  relating  to  the  war,  and  rendered 
\Muable  service  on  the  Council  of  Defense.  He  died  of  pneumonia  in  1920. 
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HON.  FRANK  SPRINGER 

(Bronze  Bust  by  C.  Scarpitta,  presented  to  the  State  of  New  Mexico 
by  Friends  of  Mr.  Springer) 


PRESENTATION  OF  THE  SCARPITTA  BRONZE  BUST 

OF 

HON.  FRANK  SPRINGER 

TO  THE 

STATE  OF  NEW  MEXICO  ® 

Significant  and  memorable  was  the  presentation  of  the  bronze  bust  of 
Mr.  Frank  Springer  to  the  state  of  New  Mexico  on  the  evening  of  September  8, 
1922.  The  spirit  of  the  celebration,  its  setting  and  its  import,  made  it  an  historic 
event  in  the  annals  of  a state  overwhelmingly  rich  in  traditions,  thrilling  events 
and  picturesque  episodes.  To  the  hundreds  of  people  who  had  gathered  in  the 
Saint  Francis  Auditorium  to  do  honor  to  the  man  who  had  wrought  so  much 
for  them  and  their  commonwealth,  and  had  achieved  distinction  and  success  in 
law,  in  business,  in  science,  in  statesmanship  and  in  wise  giving,  it  was  an  unfor- 
gettable occasion. 

The  glamour  and  the  shouting  of  the  1922  Fiesta  had  filled  the  fore  part  of 
the  week,  and  were  followed  by  the  earnestness  and  interest  of  the  sessions  of 
the  Southwestern  Division  of  the  American  Association  for  the  Advancement 
of  Science.  Friday  evening  had  been  set  apart  by  the  Association  for  the  exer- 
cises which  proved  to  be  the  climax  of  a week  crowded  with  stirring  and  notable 
incidents.  It  had  been  a typically  sunny  Santa  Fe  day,  followed  by  a night  rap- 
turous with  a brilliant  harvest  moon.  The  members  of  the  Science  Association, 
just  returned  from  a field  excursion  to  San  Ildefonso,  where  the'  Tewas  had 
delighted  them  with  a tablita  eeremony  of  wonderful  color  and  grace — joined 
with  the  friends  of  Mr.  Springer  from  far  and  near  in  filling  comfortably  the 
St.  Francis  Auditorium  of  the  new  museum.  There  were  present  former  and 
present  business  associates  from  as  far  away  as  New  York  and  St.  Louis,  from 
cities  and  tov/ns  in  New  Mexico  and  adjoining  states;  there  were  men  and 
women  in  the  audience  who  had  won  world-wide  distinction  in  the  fields  of 
science,  literature,  art,  music  and  the  professions;  there  were  represented  the 
Indian,  the  Spanish  American,  the  pioneers  and  the  new  comers  to  the  South- 
west— as  cosmopolitan  and  fine  an  audience  as  ever  gathered  to  do  honor  to  a 
fellow  man. 

There  were  spontaneity  and  dignity  about  the  program  which  transmitted 
themselves  to  the  audience ; a warmth  of  feeling  and  simplicity  which  character- 
ize a neighborhood  gathering  rather  than  the  formal  state  event ; and  yet,  withal, 
the  impressiveness  of  a solemn  service  in  cathedral  or  abbey  where  all  hearts 
are  lifted  to  one  purpose.  Under  the  indirect,  mellow  glow  of  the  high  ceiling 

3 Presented  at  the  third  annual  session  of  the  Southwestern  Division  of  the  American  Association  for 
the  Advancement  of  Science  at  the  St.  Francis  Auditorium  of  the  New  Museum,  Santa  Fe,  N.  M.,  Friday 
evening,  September  8,  1922.  Present  account  reprinted  from  El  Palacio,  Santa  Fe,  October  2,  1922. 
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lights  of  the  nave  the  St.  Francis  murals  took  on  new  values,  and  the  carved 
vigas  with  their  primitive  color  designs  stood  out  in  massiveness  from  the 
shadows.  The  transepts  and  the  chancel  were  flooded  with  light.  To  the  fore 
on  the  altar  platform,  on  an  improvised  pedestal,  stood  the  veiled  bronze  bust, 
and  to  one  side  on  a table  the  scientific  volumes  of  which  Mr.  Springer  is  the 
author. 

Dr.  Edgar  L.  Flewett  broke  the  hush  of  expectancy  that  fell  upon  the  audi- 
ence when  the  speakers  of  the  evening  took  their  places  on  the  platform.  It  was 
obvious  that  the  tribute  he  paid  Mr.  Springer  was  heartfelt.  Like  the  speakers 
that  followed,  he  commanded  the  closest  attention  of  the  audience.  Closely  asso- 
ciated with  Mr.  Springer  for  a quarter  of  a century  in  the  upbuilding  of  such 
great  institutions  as  the  Normal  University  of  New  Mexico,  the  Museum  of 
New  Mexico,  the  School  of  American  Research,  and  in  the  furthering  of  re- 
search work,  the  renaissance  of  native  arts  and  handicrafts,  the  fostering  of  art 
and  literature  in  the  Southwest,  it  was  quite  fitting  that  Dr.  Hewett  empha- 
sized Mr.  Springer’s  contributions  to  science,  education  and  art. 

Col.  Ralph  E.  Twitchell,  historian,  author,  lawyer,  elocjuently  and  forci- 
bly dwelt  upon  the  high  place  Mr.  Springer  achieved  as  a member  of  the  bar. 
He,  too,  had  been  close  to  Mr.  Springer  for  decades,  and  prizes  this  association 
as  the  most  precious  in  a life  filled  with  activities  for  the  advancement  of  his 
beloved  state  and  city.  He  reviewed  Mr.  Springer’s  achievements  with  the  sym- 
pathy of  a friend,  and  yet  with  the  preciseness  of  evaluation  of  the  trained 
biographer  and  historian.  Momentarily  shaken  with  emotion  as  he  paid  an  inti- 
mate tribute,  he  passed  quickly  to  the  orderly  marshaling  of  dates,  figures  and 
historical  facts,  imposing  in  themselves  and  overwhelming  in  their  aggregate. 

In  concluding  his  address  Colonel  Twitchell  presented  a handsomely  bound 
volume  entitled  “ Notes  and  Memoranda  Concerning  the  Legal,  Scientific  and 
Literary  Activities  of  Frank  Springer  as  a Citizen  of  New  Mexico,”  to  serve 
as  a permanent  record  in  the  library  of  the  State  Museum.  It  contains  a sketch 
of  Mr.  Springer’s  career  at  the  bar  and  his  connection  with  public  afifairs,  a 
history  of  the  most  notable  cases  in  which  he  was  engaged,  together  with  com- 
ments by  other  lawyers  and  judges  upon  his  arguments  before  the  United  States 
Supreme  Court ; a reprint  of  his  oral  argument  in  one  of  the  cases ; and  contem- 
porary newspaper  comment  upon  these  matters.  Also  reprints  or  original  copies 
of  many  of  his  public  addresses  upon  legal,  educational  and  miscellaneous  sub- 
jects. Also  accounts  and  reviews  of  his  scientific  works  and  publications,  taken 
from  periodicals  of  high  authority.  This  compilation  exhibits  from  the  original 
sources  evidence  of  the  wide  range  of  Mr.  Springer’s  intellectual  activities.  It 
is  understood  that  a small  number  of  copies  of  the  work  have  been  printed  for 
reference  in  libraries,  and  for  the  use  of  his  family  and  intimate  friends. 
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Mr.  James  G.  McNary,  president  of  the  First  National  Banks  of  El  Paso, 
Texas,  of  Las  Vegas  and  of  Dawson,  in  New  Mexico,  who,  too,  had  known 
Mr.  Springer  for  a quarter  of  a century,  spoke  as  a younger  business  man  of  a 
successful  older  man,  emphasizing  Mr.  Springer’s  place  as  an  empire  builder, 
a man  who  touched  the  resources  of  northern  New  Mexico  so  that  they  yielded 
abundantly,  creating  irrigation  works,  developing  mines,  founding  settlements, 
giving  sustenance  and  bringing  happiness  to  a great  multitude  of  people. 

Dr.  D.  T.  MacDougal,  general  secretary  of  the  American  Association  for 
the  Advancement  of  Science  and  president  of  the  Southwestern  Division,  who 
is  in  charge  of  the  Desert  Laboratory  of  the  Carnegie  Institution  at  Tucson, 
Arizona,  spoke  as  one  scientist  of  another,  referring  also  with  approval  to  the 
business  man  in  science — in  the  case  of  Mr.  Springer  achieving  doubly,  by  giv- 
ing himself  and  giving  of  his  means. 

Then  came  the  moment  for  unveiling.  Dr.  Hewett  paid  glowing  tribute  to 
his  friend  as  he  removed  the  cover  from  the  bust  which  stood  revealed  as  a 
splendid  piece  of  art;  he  tendered  it  on  the  part  of  Mr.  Springer’s  friends  as  a 
gift  to  the  state.  United  States  Senator  A.  A.  Jones,  delegated  by  Governor 
Merritt  C.  Mechem  to  receive  the  bronze  on  behalf  of  the  state,  was  in  a happy 
vein,  his  address  of  acceptance  being  felicitous  in  its  warmth  of  feeling  and 
eloquence. 

At  the  conclusion  of  the  addresses  Homer  Grunn,  of  Los  Angeles,  com- 
poser and  pianist,  rendered  with  exquisite  feeling  three  of  his  themes,  that  stand 
among  the  most  pleasing  and  beautiful  modern  compositions  based  on  Pueblo 
melody  and  rhythm. 

Following  Mr.  Grunn’s  numbers,  Mr.  Springer,  who  had  not  been  present 
during  the  exercises,  was  escorted  into  the  auditorium  by  Mrs.  Laughlin  and 
Mrs.  Hewett,  representing  the  Woman’s  Museum  Board,  and  was  given  a warm 
and  generous  ovation,  the  audience  rising  and  remaining  standing  while  he  re- 
sponded briefl}^  first  in  a lighter  vein,  to  mask  his  evident  emotion,  and  then 
gravely,  voicing  his  real  feeling  in  a single  touching  sentence.  He  then  pre- 
sented to  the  audience  Mr.  Scarpitta,  the  sculptor,  whose  presence  had  not  be- 
fore been  generally  known,  who  with  unaffected  earnestness  told  of  the  deep 
feeling  with  which  he  had  executed  the  portrait  now  before  them.  The  remarks 
of  the  two  gentlemen  were  as  follows : 

Mr.  Springer : My  friends:  I did'  not  come  here  to  make  a speech,  but  I am  here  in  obedi- 
ence to  the  command  of  my  superior  authorities,  representatives  of  the  women  of  Santa  Fe, 
to  whose  example  and  encouragement  is  due  a large  part  of  what  the  men  have  been  able  to 
accomplish  for  the  betterment  of  this  community.  When  I was  summoned  to  appear  at  this 
stage  of  the  proceedings,  I knew,  of  course,  that  the  summons  came  from  the  hearts  of  the 
friends  whose  infinite  kindness  and  courtesy  have  been  so  often  manifested,  the  recollection 
of  which  makes  this  beautiful  place  seem  even  more  beautiful.  But  I thought  that  it  might 
also  be  intended  to  give  to  those  in  attendance  here  an  opportunity  to  judge  of  the  merit  of  the 
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work  which  they  have  been  invited  to  view  by  a direct  comparison  with  the  original.  On  that 
point  I think  there  can  be  but  one  opinion.  Looking  at  such  an  example  of  the  sculptor’s  art, 
one  is  inclined  to  marvel  at  his  power  to  create  out  of  inanimate  materials  so  faithful  a de- 
lineation of  the  human  features ; but  come  to  think  of  it,  it  isn’t  so  very  wonderful  after  all ; 
it  is  really  quite  simple ; all  the  sculptor  has  to  do  is  to  procure  a supply  of  the  proper  kind  of 
clay,  and  then  put  it  in  the  right  place.  This  disclosure  of  the  mystery  is  not  original  with  me, 
but  probably  has  done  duty  ever  since  studios  were  invented.  I cribbed  it  from  a painter,  who 
told  an  inquisitive  visitor  seeking  to  learn  the  secret  of  his  canvasses  that  it  was  easy,  all  that 
was  necessary  being  two  things : first,  to  select  the  proper  colors ; that  was  very  important,  he 
said  ; and  then — put  them  in  the  right  place.  So  it  is  with  one  of  Fritz  Kreisler’s  masterpieces ; 
simple  enough,  just  pressing  the  proper  string,  and  drawing  the  bow  the  right  way. 

You  know,  it  is  against  the  rules  for  the  subject  who  is  being  honored  as  I am  to  attempt 
to  say  anything  serious ; but  I am  wondering  if  in  all  this  nonsense  I may  not  inadvertently 
have  stumbled  upon  a great  truth,  which  is,  that  one  of  the  chief  problems  of  life  is  to  learn 
how  to  select  the  proper  things,  and  to  use  them  in  the  right  way. 

Now,  having  broken  the  rule  once,  I am  going  to  take  another  whack  at  it,  and  sum  up 
what  I really  think  and  feel,  by  saying  that  the  thing  which  is  culminating  tonight  has  touched 
me  deeply ; and  that  I would  rather  have  it  occur  here,  in  this  place,  than  anywhere  else  on 
earth. 

One  other  privilege  belongs  to  me,  of  which  I avail  myself  with  the  most  profound  satis- 
faction ; and  that  is,  to  present  to  this  audience  the  man  whose  inspired  art  has  created  the 
work  which  you  have  come  here  to  see — Scarpitta,  the  sculptor. 

Mr.  Scarpitta:  Mr.  Springer,  Dr.  Hezvett,  Ladies  and  Gentlemen:  I would  like  to  say  a 
word  about  this  work  of  mine.  I am  not  a speaker,  as  you  know,  but  I cannot  gO'  through  this 
without  first  of  all  telling  you  how  profoundly  inq^iressed  I am  that  I was  the  one  selected  to 
make  this  portrait  of  Mr.  Springer.  The  moment  I came  in  contact  with  Mr.  Springer  I felt 
immediately  the  great  force  with  which  he  has  accomplished  all  that  you  have  heard  related 
by  the  Chairman  and  the  other  gentlemen.  I went  into  this  work  with  all  my  love,  because  I 
felt  the  sincerity  of  this  man ; and  I have,  I hope  you  will  agree  with  me,  put  into  this  bronze 
something  that  will  live  on  forever,  and  reveal  the  inner  feelings  of  Mr.  Springer,  his  intense 
love  for  humanity,  and  his  power  of  convincing  any  one  of  his  profound  sincerity,  which  I 
have  admired  so,  and  of  which  I am  so  proud  to  know  and  see  that  you  all  agree  with  me. 
I thank  you. 

The  program  was  then  concluded  by  the  gracious  and  beautiful  Princess 
Tsianina  in  an  exalted  mood,  who  with  the  sympathetic  accompaniment  of 
Mrs.  Doll,  gave  some  of  the  finest  Indian  songs  in  her  repertoire,  among  them 
the  Zuni  Invocation  to  the  Sun-god,  which,  as  she  explained,  she  had  substituted 
for  another  number  because  it  better  expressed  her  feeling  after  listening  to  the 
addresses  which  had  preceded. 

In  the  patio  of  the  art  museum  the  Woman’s  Museum  Board  had  spread 
a table  made  colorful  with  magnificent  dahlia  blossoms.  Moonlight  flooded  the 
scene,  and  garlands  of  colored  lights  swung  across  the  sward.  Here  thronged 
the  people  after  pouring  past  Mr.  Springer,  ofifering  their  words  of  appreciation 
for  all  he  has  done  and  all  he  has  stood  for,  and  lingered  until  midnight  and 
after.  The  literary  folk  were  present  under  the  leadership  of  Mary  Austin,  who 
but  recently  returned  from  England;  the  anthropologists  included  Francis 
La  Flesche  and  Miss  Alice  C.  Fletcher,  of  Washington,  D.  C. ; other  branches 
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of  science  were  represented  by  Dr,  MacDougal,  of  the  Desert  Laboratory; 
Dr.  Larkin,  of  the  Mount  Lowe  Observatory;  Dr.  Douglass,  of  the  Lowell 
Observatory,  and  many  other  members  of  the  American  Association  for  the 
Advancement  of  Science,  most  of  them  engaged  in  research  work  in  the  South- 
west; the  bar  by  Hon.  Thomas  B.  Harlan,  of  St.  Louis,  and  many  others  of 
the  federal  and  state  courts  and  bars;  business  by  President  Jan  Van  Houten, 
of  the  St.  Louis,  Rocky  Mountain  & Pacific  Co. ; President  Levi  Hughes,  of 
the  First  National  Bank  of  Santa  Fe;  President  James  G.  McNary,  of  the  First 
National  Bank  of  El  Paso;  President  George  Ulrich,  of  the  Exchange  Bank 
of  Carrizozo,  and  scores  of  others  active  and  prominent  in  the  upbuilding  of  the 
Southwest;’  statesmanship  by  United  States  Senator  A.  A.  Jones  and  other 
federal  and  state  officials ; while  the  presence  of  members  of  the  art  colonies  in 
Santa  Fe  and  Taos,  of  leaders  in  music  like  Grunn  and  Tsianina,  as  well  as 
those  active  in  social  circles,  made  the  assembly  a brilliant  one  indeed. 

The  art  alcoves  were  thrown  open.  The  Fiesta  exhibit  of  paintings  by 
Santa  Fe  and  Taos  artists  made  them  unusually  attractive.  In  one  alcove  the 
Springer  bust  was  placed  together  with  a Madonna  group  also  by  Scarpitta,  a 
lovely  piece  of  work.  In  the  opinion  of  critics  without  exception  the  Springer 
bronze  is  a veritable  masterpiece.  It  is  more  than  a marvelous  physical  likeness, 
for  it  emphasizes  the  earnestness  and  power  of  concentration  of  the  subject, 
at  the  same  time  giving  an  intimation  of  his  spirituality  and  idealism.  The 
bronze  is  a gift  of  friends  of  Mr.  Springer,  who  contributed  through  a commit- 
tee consisting  of  Paul  A.  F.  Walter,  chairman  and  treasurer,  with  Dr.  Edgar  L. 
Hewett  in  charge  of  contributions  from  artists,  scientists  and  educators, 
Mr.  Jan  Van  Houten  of  contributions  from  business  associates  of  Mr.  Springer, 
and  Col.  Ralph  E.  Twitched,  of  contributions  from  members  of  the  bar.  The 
bust  will  have  a permanent  place  in  the  art  museum,  whose  creation  is  due  pri- 
marily to  the  vision  and  generosity  of  Mr.  Springer. 

Herewith  follows  the  text  of  the  addresses  delivered  upon  this  memorable 
occasion,  reflecting  as  they  do  the  spirit  of  the  celebration : 

Introductory 

Dr.  Hewett:  Friends:  We  have  met  here  tonight  to  celebrate  the  life  and 
achievements  of  a man  of  science.  The  Southwestern  Division  of  the  American 
Association  for  the  Advancement  of  Science  joins  on  this  occasion  with  the 
people  of  New  Mexico  in  honoring  a scientific  man  of  the  Southwest,  Mr.  Erank 
Springer,  You,  gentlemen  of  the  bar  and  of  the  courts,  may  be  surprised  when 
I claim  Mr,  Springer  as  a man  of  science,  for  he  has  been  one  of  your  most  dis- 
tinguished associates  for  many  years ; and  you  men  of  business  of  the  South- 
west may  also  be  somewhat  startled,  for  he  has  long  lived  among  you  as  an 
exceedingly  busy  man  of  affairs.  The  fact  is  he  belongs  equally  with  all  of  us. 
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To  support  my  reference  to  Mr.  Springer  as  a man  of  science,  I ask  you 
to  inspect  this  shelf  of  works  that  would  be  a credit  to  one  who  had  devoted  his 
entire  life  to  scientific  pursuits.  The  majority  of  you  have  probably  been  igno- 
rant of  the  fact  that  this  silent,  modest  next  door  neighbor  of  yours  has  been 
steadily  publishing  scientific  contributions  that  have  made  him  known  through- 
out the  world. 

So  it  is  a many-sided  man  that  we  are  honoring  tonight.  We  are  celebrating 
his  achievements  while  he  is  still  with  us — achievements  in  science,  in  law,  in 
business  and  in  public  affairs.  It  .seems  fitting  that  one  of  his  old  neighbors,  who 
has  known  intimately  his  legal  activities  almost  from  the  beginning,  should 
speak  of  Mr.  Springer  as  a lawyer  and  of  his  career  at  the  bar.  Col.  R.  E. 
Twitchell  has  been  invited  to  perform  that  service.  He  can  speak  with  the 
authority  of  the  historian. 


The  Lawyer  and  Citizen 

Colonel  Twitchell;  Dr.  Hewett,  Ladies  and  Gentlemen:  I consider  my  having  been 
selected  for  this  great  privilege  a most  notable  distinction.  To  be  associated  in  this  way  in 
these  exercises  is  an  honor  which  seldom  comes  to  a member  of  our  profession. 

I first  met  IMr.  Springer  forty  years  ago,  and  there  are  only  nine  members  of  the  bar 
today  living  who  knew  M r.  .Springer  during  all  that  period. 

Early  in  the  ’90s,  I was  twice  honored  with  the  presidency  of  the  New  Mexico  Bar  Asso- 
ciation, and  soon  realized  that  the  constructive  power  in  the  then  “ Territory  of  New  Mexico,” 
the  history  makers  in  the  development  of  a great  commonwealth,  remained  largely  with  the 
legal  profession,  and  became  certain  that  there  was  no  one  among  the  members  of  the  bar  in 
the  entire  territory  who  would  feel  like  giving  his  time  to  the  work  of  recording,  biographically 
and  otherwise,  the  efforts  and  achievements  of  that  constructive  element;  and  so  I began  a 
series  of  papers  for  the  Bar  Association,  dealing  with  the  history  of  the  bench  and  bar  during 
the  preceding  years  of  American  occupation.  That  early  effort,  more  than  thirty  years  ago, 
resulted  finally  in  an  amplification  and  concrete  compilation  which  was  published  a few  years 
since. 

In  making  a historical  outline  for  these  papers  it  became  apparent  that  a certain  classi- 
fication was  necessary  for  the  reader  to  properly  understand  the  position  which,  in  certain 
decades,  had  been  filled  by  the  members  of  the  bench  and  bar.  That  classification  was  as  to 
time,  and  it  may  be  repeated  here:  Those  who  came  with  the  American  Army  of  Occupation 
in  1846;  those  who  came  with  Carleton’s  column  from  California  during  the  Civil  War 
period ; and  those  who  came  shortly  before  and  at  the  time  of  the  coming  of  the  railways  into 
the  southwest.  Mr.  Springer  belongs  in  the  last  named  classification,  having  come  to  New 
Mexico  in  1873,  anticipating  the  coming  of  the  railways  and  the  creation  in  a few  years  of  a 
great  state  in  the  American  Union. 

Had  it  not  been  for  the  panic  of  1873,  and  the  failure  of  the  great  banking  firm  of 
Jay  Cooke  & Co.,  of  Philadelphia,  the  geography  and  the  history  of  the  states  of  Colorado 
and  New  Mexico  would  not  be  such  as  we  find  it  today.  Had  the  efforts  which  were  being- 
made  at  that  time  by  Mr.  Springer  and  his  eastern  associates  borne  fruit,  the  city  of  Pueblo 
with  all  of  its  industries,  all  of  its  environment,  in  all  probability  would  be  located  where  the 
town  of  Cimarron,  New  Mexico,  was  then  situated.  The  entire  proposition  of  financing  of 
the  transcontinental  I'ailway  into  the  southwest  at  that  time  had  been  consummated,  but  the 
failure  of  Jay  Cooke  & Co.  in  the  panic  of  1873  changed  the  entire  status  of  affairs,  and  it  was 
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not  until  several  years  later,  due  to  the  activities  of  certain  people  in  Pueblo,  Messrs.  Thatcher 
and  Raynolds  and  others,  that  a line  of  railway  was  built  down  the  Arkansas  to  La  Junta, 
where  it  joined  the  Atchison,  Topeka  & Santa  Fe  Railroad  in  its  construction  into  the 
Southwest. 

Mr.  Springer  was  the  retained  counsel  of  the  Santa  Fe  Railway  during  that  period;  and 
during  all  of  the  years  of  his  active  career  at  the  bar,  either  as  trial  lawyer  or  as  counsel,  was 
consulted  in  every  case  of  any  consequence  which  was  heard  in  the  courts  of  New  Mexico, 
as  well  as  in  many  other  jurisdictions  where  the  interests  of  that  great  company  were  affected. 
These  are  matters  of  which  I have  personal  cognizance. 

IMy  acquaintance  with  Mr.  Springer  began  in  the  spring  of  1883.  In  the  summer  of  that 
year  there  was  celebrated  here  in  Santa  Fe  the  Tertio-Millenial  Anniversary  of  Spanish  con- 
quest and  occupation  of  all  the  areas  between  the  Pacific  and  the  Mississippi. 

When  Mr.  Springer  came  to  New  Mexico  the  bar  was  composed  of  many  distinguished 
lawy'ers.  The  na^nes  of  these  eminent  jurists  are  found  in  the  published  reports  of  our 
Supreme  Court.  Within  two  years  after  his  coming  Mr.  Springer  took  the  position  and  was 
recognized  as  one  of  the  leading  lawyers  at  the  bar,  and  during  his  active  career  retained  that 
position  of  leadership.  And  from  my  personal  acquaintance  with  the  volume  and  character  of 
the  litigation  confided  to  his  charge,  the  manner  in  which  it  was  handled,  in  results  obtained 
and  in  the  satisfaction  always  accorded  to  his  clients,  he  enjoyed  a position  pre-eminent  among 
his  fellows  at  the  bar.  This  became  an  accepted  fact  when  the  final  determination  of  the  most 
important  suit,  involving  title  to  great  tracts  of  land,  was  had  in  the  court  of  last  resort  in 
this  country.  I refer  to  the  Maxwell  Land  Grant  case.  LaAvyers  of  the  greatest  distinction 
in  America  had  been  employed  in  the  litigation  involving  the  title  to  that  great  property,  but 
it  remained  for  Mr.  Springer  to  secure  a final  conclusion  and  determination  favorable  to  the 
contentions  of  the  grant  owners. 

The  Supreme  Court  of  the  United  States  was  right  in  following  the  argument  and  con- 
tentions of  Mr.  Springer.  Few  there  were  of  the  Anglo-American  population  who,  with  the 
advent  of  the  transcontinental  railways,  could  appreciate  or  who  would  attempt  to  understand 
how  any  one  individual  or  company  or  organization  could  possibly  have  the  right  of  owner- 
ship in  a million  or  more  acres  of  the  public  domain.  The  real  question  at  that  time  was  the 
one  which  a few  years  before  had  been  dominant  in  California — the  question  of  the  squatter 
and  the  Don,  or  the  Don’s  descendants  and  grantees.  Few  there  were  who  understood  or  com- 
prehended the  policy  of  the  Mexican  government  in  making  these  grants ; a protective  policy, 
brought  about  largely  owing  to  the  experience  which  that  Republic  had  passed  through  in  the 
case  of  Texas,  and  the  settlement  on  Mexican  soil  of  Americans  from  Tennessee,  Mississippi 
and  Louisiana,  the  final  divorcement  of  the  province  from  the  Mexican  Republic  and  its  final 
entrance  into  the  American  Union.  As  a policy  of  protection,  the  Mexican  Government  gave 
great  grants  of  land  on  its  northern  frontier,  which  was  the  Arkansas,  to  Mexican  citizens. 
Those  granted  were  the  Maxwell,  the  Montoya,  the  Tierra  Amarilla,  and  other  grants  of  lands, 
empires  in  area  and  extent ; granted  to  Mexican  citizens  for  the  purpose  of  establishing  upon 
the  American  frontier  a zone  of  Mexican  influence  which  would  resist  the  advance  of  the 
American,  brought  about  through  the  commerce  of  the  prairies  and  the  establishment  of  the 
Santa  Fe  trail.  These  are  the  facts  which  caused  the  creation  of  those  great  land  grants,  and 
it  was  the  student  of  history,  as  well  as  jurisprudence,  as  exemplified  in  Mr.  Springer,  who  was 
thus  enabled  to  sustain  his  contentions  in  our  court  of  last  resort.  The  determination  of  that 
court  in  that  case  not  only  revealed  him  as  the  leader  of  the  bar  in  New  Mexico,  but  gave  him 
an  international  reputation : a reputation  of  a character  which  any  lawyer,  no  matter  where 
the  scene  of  his  activities,  would  appreciate  as  the  acme  of  professional  success.  His  reputa- 
tion must  rest  upon  his  argument  in  that  great  case.  The  information  which  he  obtained  in 
its  preparation,  the  knowledge  that  was  his,  and  exclusively  his,  relative  to  questions  arising 
under  the  Treaty  of  Guadalupe  Hidalgo  in  the  matter  of  Spanish  Land  Grants  and  their  rela- 
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tionship  to  American  occupation,  was  so  comprehensive  that  when  it  came  to  the  enactment  of 
a law  by  the  Amei*ican  Congress  whereby  all  of  these  titles,  in  so  far  as  any  claim,  made  by 
the  Government  of  the  United  States  was  concerned,  could  be  settled,  his  influence  as  a lawyer 
and  citizen  of  New  Mexico  before  the  Senate  and  Congress  of  the  United  States  was  so  pro- 
nounced that  he  was  in  position  to  render  the  people  of  the  southwest  a great  service.  His 
testimony  and  his  arguments  before  the  various  Congressional  and  Senate  committees  had 
more  to  do  with  the  passage  of  the  act  providing  for  the  establishment  of  the  Court  of  Private 
Land  Claims  than  of  all  other  New  Mexicans  combined. 

As  I have  said,  when  I undertook  the  writing  of  the  biographies  of  the  members  of  the 
bench  and  bar,  dealing  with  those  classified  as  having  come  with  the  American  occupation 
period,  I found  very  little  recorded  in  New  Mexico  beyond  the  decisions  of  our  Supreme 
Court,  and  there  were  only  two  volumes  of  reports  at  that  time.  And  so  it  was  that  I con- 
cluded that  future  historians  and  searchers  would  not  be  put  to  that  inconvenience  if  any  of 
my  time  could  be  profitably  used  in  recording  and  accumulating  information  with  reference 
to  all  of  the  members  of  the  bar  of  my  own  period.  Naturally  there  was  much  of  interest  in 
securing  all  possible  information  from  so  prominent  a man  as  Mr.  Springer.  While  my 
acquaintance  with  him  was  not  intimate  at  that  time  but  was  of  a professional  nature,  I found 
him  then,  as  he  is  today,  one  of  the  most  modest  and  reticent  of  men.  It  was  almost  impossible 
to  acquire  any  information  in  ordinary  conversation  if  he  happened  to  know  its  purpose,  and 
while  living  in  Las  Vegas,  I took  occasion  to  invite  him  to  my  residence,  when  unknown  to 
him  I was  able  to  draw  out  the  story  of  all  the  facts  relative  to  the  early  history  of  the  Maxwell 
Land  Grant  and  earlier  events  occurring  in  Colfax  County,  every  thing  which  had  to  do  with 
the  various  lavyyers  and  judges  who  practised  in  the  courts  of  Taos,  Colfax,  San  Miguel,  and 
Mora  counties,  and  had  it  very  carefully  recorded  by  a stenographer  who  was  concealed  in  an 
adjoining  room,  Mr.  Springer  being  at  the  time  unconscious  of  the  fact  until  years  later,  when 
I published  the  Leading  Facts  of  New  IMexican  History,  and  later,  in  some  notes  to  my  Span- 
ish Archives.  Recognizing  that  he  had  played  a most  prominent  part  in  the  making  of  New 
Mexico,  I began  preserving  all  of  the  printed  records,  briefs,  arguments,  newspaper  clippings 
and  accounts  of  his  activities,  and  so  it  is  that  upon  this  occasion  I am  able,  in  a small  way, 
to  contribute  a compilation  of  all  of  the  printed  accounts  which  have  been  thus  preserved. 
This  volume  I am  now  tendering  as  a small  contribution  on  my  part  to  this  really  great  New 
Mexican ; a contribution  not  for  today  but  as  a source  book  which  the  future  historian  will 
appreciate,  who  will  amplify  the  work  of  those  of  us  who  have  sought  to-  record  the  facts  of 
history  in  the  southwest.  This  compilation,  I believe,  will  be  appreciated  by  the  present  and 
future  generations  of  Mr.  Springer’s  family,  as  well  as  by  the  historical  writers  of  the  future. 

Llis  courteous  treatment  of  his  fellow  members  of  the  bar,  his  consideration  for  the 
shortcomings  and  limitations  of  the  younger  members  of  the  profession,  his  great  respect 
for  judicial  authority  and  personnel,  and  his  mastery  of  many  unsolved  legal  problems  which 
confronted  the  early  practitioners  in  the  courts  of  New  Mexico,  are  outstanding  features  of 
Mr.  Springer’s  career. 

Dr.  Hewett:  Thanks  to  Colonel  Twitchell  for  this  sketch  of  Mr.  Springer’s 
activities  in  those  great  days  of  the  making  of  onr  state.  From  among  the  men 
who  have  more  recently  come  into  positions  of  influence  and  usefulness  I wish 
to  present  one  who  can  speak  of  Mr.  Springer’s  place  in  business  and  public 
affairs.  I introduce  to  you  Mr.  James  G.  McNaiw,  president  of  the  First  Na- 
tional Banks  of  El  Paso  and  Las  V egas.  * 


PERSONAL  RECORD.  l6l 

The  Man  of  Affairs 

Mr.  McNary:  Mr.  President,  Ladies  and  Gentlemen:  I esteem  it  a high  honor  and  a 
great  pleasure  to  be  invited  to  participate  with  you  in  doing  honor  to  the  name  of  Frank 
Springer. 

A quarter  of  a century  ago  through  the  instrumentality  of  Mr.  Springer,  president  of  the 
Board  of  Regents,  and  Mr.  E.  L.  Hewett,  president  of  the  faculty  of  the  Normal  University 
of  Las  Vegas,  the  fates  directed  my  youthful  footsteps  to  New  Mexico,  for  which  I have 
always  had  reason  to  be  deeply  grateful. 

From  the  day,  just  24  years  ago,  when  I first  met  Mr.  Springer,  I have  held  it  a high  honor 
to  call  him  my  friend,  and  who  does  not  love  tO'  pay  tribute  to  a friend  of  such  illustrious 
achievements  that  moderation  ceases  to  be  a virtue  ? 

It  would  be  impossible  to  overestimate  the  value  of  scientific  knowledge.  Each  stray  bit 
of  such  truth  from  the  farther  shore  of  human  thought  and  inc[uiry,  has  its  value  in  applying 
the  phenomena  of  the  physical  world  to  the  needs  of  our  complex  social  life. 

Of  Mr.  Springer’s  unusual  fund  of  scientific  knowledge  and  of  his  generous  use  of  it, 
you  have  heard  and  are  to  hear  from  others  better  qualified  than  I to  speak,  but  I wish  to  tres- 
pass on  their  ground  long  enough  to  read  a few  lines  dedicated  to  Mr.  Springer  and  handed 
me  by  a mutual  friend.  Emerson  said:  “ Next  to  the  man  whO'  originates  a beautiful  thought 
is  the  man  who  quotes  it.” 

“ In  solitude  he  played  his  flute  and  thought. 

Till  Anally  this  miracle  was  wrought. 

The  ordered  working  of  his  cultured  brain, 

Gave  power  to  his  gaze  and  through  the  train 
Of  aeons  of  dead  years  his  piercing  eye 
Sought  out  Earth’s  secrets  where  they  underlie 
The  cold  faced  rocks.  Then  slowly  page  by  page. 

He  read  through  Nature’s  book  and  age  by  age 
He  found  a story  there.  Today  the  world 
Is  deeply  in  his  debt,  for  he  revealed 
To  man  the  mystery  the  Earth  concealed.” 

I am,  however,  delegated  to  speak  especially  of  Mr.  Springer’s  services  as  a builder  of 
the  state.  How,  I beg  of  you,  can  I do  justice  to  this  theme  in  ten  short  minutes  ? 

When  Mr.  Springer  first  came  to  New  Mexico,  over  a half  century  ago,  her  population 
was  a scant  one  hundred  thousand,  her  developed  resources  scarcely  amounted  to  the  value 
of  the  property  now  within  the  limits  of  this  city.  Great  resources  of  coal  lay  hidden  in  her 
mountains,  which  required  money  and  brains  to  develop  and  railroads  to  haul  to  the  consumer. 

Her  streams  carried  a wealth  of  water  for  the  thirsty  land,  which  it  required  the  hand 
of  man  to  conserve,  impound  and  distribute. 

Mr.  Springer  arrived  in  New  Mexico  in  the  year  1873,  and  engaged  in  the  practice  of  law 
at  Cimarron. 

One  of  his  first  public  services  was  the  founding  of  a newspaper  and  though  I have  never 
seen  a copy,  I can  judge  of  the  high  spirit  which  must  have  animated  its  pages. 

Early  in  his  legal  career  Mr.  Springer  became  identified  with  the  interests  of  the  Maxwell 
Land  Grant  Company,  and  in  due  time  became  its  president,  which  position  he  still  occupies. 

He  exerted  an  important  influence  on  the  industrial  life  of  the  state,  as  he  was  one  of 
Ahe  first  to  recognize  the  importance  of  coal  resources  of  New  Mexico,  and  took  a prominent 
part  in  the  organization  of  the  St.  Louis,  Rocky  Mountain  and  Pacific  company,  the  most  im- 
portant fuel  producing  company  in  the  west,  is  today  one  of  its  directors  and  has  always 
exerted  an  important  influence  in  its  affairs. 

The  greatest  enterprise  ever  undertaken  in  the  state  of  New  Mexico  by  private  capital, 
the  building  of  the  so-called  Eagle  Nest  Dam  in  the  Cimarron  Canyon,  was  carried  through  by 
Mr.  Springer  and  his  brother  Charles. 
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While  built  primarily  for  the  purpose  of  storing  water  for  their  own  lands,  it  will  also 
irrigate  a large  acreage  of  adjacent  lands  and  result  in  the  development  of  one  of  the  most 
important  agricultural  areas  of  the  state. 

The  builders  of  this  enterprise,  in  investing  their  capital,  have  taken  all  the  chances,  while 
the  public  and  the  state  receives  a large  portion  of  the  benefits. 

Mr.  Springer’s  name  has  been  frequently  mentioned  for  the  highest  political  honors 
within  the  gift  of  the  state,  but  his  inclination  has  led  him  away  from  the  field  of  politics. 

His  wise  counsel,  his  cool  and  deliberate  judgment,  have  always  been  sought  by  the 
leaders  of  the  state,  and  his  influence  and  counsel  has  been  a most  important  factor  in  guiding 
the  state  through  her  territorial  period  into  full  statehood  and  in  framing  her  laws  and 
constitution. 

Mr.  Springer  was  one  of  the  first  to  see  in  New  Mexico  the  meaning  of  her  past,  the  value 
of  her  present,  and  the  promise  of  her  future. 

In  addition  to  his  own  constructive  work,  his  assistance  and  support  have  been  of  im- 
measurable value  to  those  other  pioneers  who  have  labored  to  establish  and  build  up  the  educa- 
tional and  scientific  institutions  of  the  state. 

Dr.  Hewett:  We  have  heard  of  Mr.  Springer’s  activities  in  law  and  busi- 
ness. We  may  now  hear  something  said  of  his  achievements  in  science.  I have 
the  pleasure  to  introduce  the  distinguished  President  of  the  Southwestern  Divi- 
sion of  the  American  Association  for  the  Advancement  of  Science,  Dr.  D.  T. 
MacDougal,  of  the  Carnegie  Institute,  head  of  the  Desert  Botanical  Labora- 
tories at  Tucson  and  Carmel. 

The  Business  Man  in  Science 

Dr.  MacDougal:  Ladies  and  Gentlemen:  The  honor  which  comes  to  me  is  in  no  sense 
personal.  I feel  that  I am  here  representing  the  12,000  members  of  the  American  Association 
for  the  Advancement  of  Science — an  association  made  up  of  men  whose  biographies  would 
be  the  history  of  science  of  the  world  for  the  last  seventy-five  years.  I feel  especially  happy 
on  this  occasion  because  the  subject  of  our  felicitations  represents  the  very  ideal  and  essence 
of  this  association  which  has  given  so  much  to  the  world.  I have  no  compromises  to  make. 
I can  speak  frankly,  and  it  is  not  often  that  a speaker  on  these  occasions  can  go  without  limits. 

In  order  to  put  to  you  how  a scientist  would  feel  about  this  matter,  I must  go  aside  for 
the  moment  and  consider  the  state  of  society  in  which  we  live.  In  a democratic  form  of  gov- 
ernment our  educational,  scientific  and  artistic  work  must  take  the  form  of  generalized  effort 
which  mostly  has  no  high  peaks.  To  illustrate  what  I mean  by  that : an  organization  may 
employ  a great  artist  to  make  pictures ; may  give  him  so  much  for  the  month  or  day ; and  in 
spite  of  the  fact  that  they  are  in  harness,  our  musicians,  artists  and  poets  do  great  things.  But 
the  great  creative  work  of  the  world  is  done  on  individual  initiative.  Quite  regardless  of  what 
may  or  may  not  happen  in  Russia  or  in  any  other  experiment,  rational  or  crazy,  whose  nature 
is  always  such  that  the  group  of  people  whom  James  Harvey  Robinson  has  designated  as  “ the 
wonderers  ” — and  in  that  group  he  includes  the  scientists,  the  poets  and  the  artists — the 
creative  work  of  these  people  will  be  done  not  under  direction  but  as  a matter  of  personal 
effort — driven  from  within  and  not  from  without. 

I am  not  here  to  decry  democratic  government,  whatever  its  failings  and  failures  may 
have  been.  But  I do  wish  to  emphasize  some  of  the  finer  graces  that  may  arise  on  the  basis 
and  on  the  substratum  of  sound  democracy.  The  most  precious  thing  that  can  come  from  such 
a substratum  is  a sense  of  service,  a sense  of  indirect  accomplishment.  The  artist  or  the  scien- 
tist who  gives  himself  to  his  own  longings,  who  pleases  his  own  curiosities,  who  does  his  work 
not  because  he  is  told  to — these  are  the  men  who  achieve. 


PERSONAL  RECORD 


163 


Now  it  is  quite  obvious  who  have  found  the  course  of  life  during  the  first  quarter  of 
this  century.  I think  this  will  be  a notable  quarter  century  in  its  accomplishments  and  its 
tragedies,  but  it  will  be  most  noticeable  for  the  fact  that  we  can  discern  a growing  sense  of 
service  in  men  who  accept  our  democratic  limitations,  who  accept  the  firm  knowledge  that 
they  live,  and  then  seek  by  personal  service  to  top  it  with  something  that  neither  democracy 
nor  any  other  form  of  government  can  evolve.  This  personal  service  has  taken  two  forms. 
I have  seen  the  men  who  are  eminent  in  great  industrial  enterprises  devote  the  profits  and 
fruits  of  their  work  to  the  promotion  of  the  dreams  of  artists,  scientists  and  poets  and  others 
of  creative  capacity.  I have  also  seen  those  men  who  have  shown  great  ability  in  industrial  and 
other  efforts  give  not  only  the  money  which  they  cannot  use  to  the  promotion  of  these  things, 
but  give  themselves. 

It  seems  to  me  that  the  subject  of  our  felicitations  this  evening  is  a man  who  has  become 
notable  to  you,  to  your  state,  to  our  country,  and  to  the  scientific  world  by  giving  service  in 
both  these  ways;  by  giving  substantial  support  for  the  promotion  of  the  dreams  of  others,  and 
by  scientific  effort  in  the  way  of  research,  the  fruits  of  which  would  be  ample  for  the  achieve- 
ment of  a great  scientist  if  he  did  nothing  else  during  his  life  time. 


The  Friend  of  Science,  Art  and  Education 

Dr.  Hewett : I am  glad  that  we  have  had  this  summing  up  of  the  activities 
of  Mr.  Springer,  for  few  have  ever  known  him  in  all  these  capacities.  Some  have 
known  him  in  law,  some  in  business,  some  in  the  fields  of  science,  some  in  the 
development  of  our  educational,  scientific  and  art  work  here,  but  few  have  real- 
ized his  eminence  in  all  these  lines. 

But  after  all  has  been  appraised,  something  greater  still  remains  to  be  told. 
There  are  those,  and  the  number  is  large,  who  desire  to  pay  a proper  tribute  to 
him  in  another  capacity,  that  of  the  staunch  inspiring  friend.  No  one  has  greater 
reason  to  speak  of  him  in  this  vein  than  I. 

Our  old  friend,  Charles  F.  Lummis,  on  the  occasion  of  one  of  our  encamp- 
ments in  the  Rito  de  los  Frijoles,  drew  this  portrait,  than  which  I have  seen 
nothing  finer  in  color  or  bronze,  and  which  you  will  all  recognize  as  a perfect 
likeness : 

“ Grave  and  gentle  and  strong  and  still, 

Sits  the  Chief  in  the  Council  Tent ; 

But  when  we  come  to  a breakneck  hill 
His  is  the  hand  that  is  lent. 

There’s  a Something  we  all  can  feel — 

Power  and  poise  of  the  Elder  stamp  ; 

Solomon  must  have  made  a deal 

With  Springer,  Dean  of  the  Rito  camp.” 

No  one  will  eyer  know  how  many  have  felt  the  support  of  his  strong,  kindly 
hand,  always  extended  in  such  an  unostentatious  way  that  it  was  known  only  to 
the  one  receiving  it.  If  we  could  assemble  here  the  young  artists,  musicians, 
scientists,  who  have  been  helped  to  their  higher  opportunities  by  him,  the  num- 
ber would  astonish  you.  And  a greater  effect  than  the  material  aid  afforded  was 
always  the  determined  effort  inspired  by  his  faith.  It  called  out  the  best  in  you. 
He  has  always  absolute  faith  in  the  visions  of  youth.  He  believed  in  you,  trusted 
you  implicitly ; you  simply  had  to  make  good. 


164 


SMITHSONIAN  INSTITUTION 


When  I was  at  the  head  of  the  Normal  University  of  New  Mexico 
and  he  was  president  of  the  Board  of  Regents,  he  gave  me  this  admonition: 
“ Mr.  Hewett,  see  that  no  deserving  student  ever  leaves  this  institution  for  lack 
of  funds.  Always  let  me  know  about  such  cases.”  I am  venturing  to  tell  some 
things  about  Mr.  Springer  that  have  not  been  told  in  public  before.  These  were 
the  things  that  gave  him  his  greatest  pleasure  outside  of  his  family  life. 

His  home  was  a sacred  precinct  that  some  of  us  have  been  privileged  to 
enter.  Among  the  greatest  of  his  successes,  shared  by  a wise  and  beautiful  wife 
and  mother,  has  been  the  rearing  of  a remarkable  family.  Two  things  stand 
out  in  my  mind  as  I recall  what  I have  seen  of  his  family  life — the  solicitous 
care  for  the  opportunities  of  every  son  and  daughter,  and  the  veneration  in  which 
he  always  held  his  forebears.  He  is  the  son  of  a great  father,  whose  memory  he 
holds  in  profound  reverence.  He  is  one  of  those  who  believe  that 

“ Whatever  is  Man  in  the  sons  of  men, 

Whatever  is  staunch  and  true, 

We  draw  from  our  sires,  and  their  sires  again. 

And  mothers  of  mothers  who  mated  when 
The  world  and  its  heart  were  new.” 

We  could  speak  long  of  the  qualities  that  have  endeared  Mr.  Springer  to 
so  many.  He  is  all  that  has  been  claimed  for  him  tonight,  and  something  greater 
still.  In  the  mind  of  every  one  of  you  who  knows  him  well,  he  stands  out  as 
the  incomparable  gentleman.  He  has  reached  that  highest  of  all  distinctions 
through  his  interest  in  and  practice  of  the  finer  things  of  life:  The  things  in 
which  he  has  taken  deepest  interest,  science,  art,  music,  education,  public  wel- 
fare, the  good  name  of  his  state,  the  destiny  of  our  country,  which  he  has  always 
staunchly  held  must  be  achieved  on  the  lines  laid  down  by  the  founders  of  our 
great  republic,  make  for  nobility.  It  is  the  highest  possible  ideal  of  the  citizen — 
nobility  in  public  and  private  life. 

The  friends  of  Mr.  Springer  have  felt  that  at  this  time,  when  he  has  reached 
the  fullness  of  life  and  is  still  with  us,  they  would  like  to  do  something  that 
would  stand  as  an  enduring  contribution  from  them  to  this  state  in  honor  of  its 
great  citizen.  In  the  olden  times,  men  honored  not  only  their  soldiers  and  states- 
men, but  their  scholars  and  all  who  contributed  to  the  greatness  of  the  state. 
It  seemed  to  the  friends  of  Mr.  Springer  that  it  would  be  a worthy  thing  to 
present  some  imperishable  gift  that  would  stand  forever  as  a tribute  to  him,  in 
this  temple  of  art  which  he  helped  so  much  to  create,  in  this  institution  which 
he  has  from  its  beginning  enriched  with  his  broad  spirit  and  wise  counsel,  in 
this  ancient  capital  which  has  felt  in  so  many  ways  the  beneficence  of  his  pres- 
ence, and  in  this  great  state  of  New  Mexico,  which  he  has  helped  to  ennoble  by 
his  active,  creative  life,  and  which  he  has  always  cherished  and  acknowledged 
his  obligations  to  as  the  place  of  his  early  opportunities. 
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On  mentioning  it  to  one  after  another,  every  one  without  exception  said : 

Let  me  have  a part  in  that.  I want  to  contribute  to  that  purpose.”  So  to  a 
sculptor  who  had  gained  high  eminence  in  our  country,  Cartaino  Scarpitta,  was 
entrusted  this  sacred  task.  He  brought  to  it  not  only  the  skill  of  a master,  but 
the  spirit  of  a master — the  discernment  and  zeal  which  produce  results  in  art 
that  live  as  master  work.  I am  now  going  to  show  you  the  outcome  of  this  plan 
that  we  have  brought  to  a happy  conclusion.  When  I told  Mr.  Springer  what  we 
were  going  to  do  here  tonight,  he  promptly  took  to  the  woods ; but  I am  in  hopes 
that  during  the  social  hour  that  follows,  a committee  of  our  Woman’s  Board 
which  provides  these  delightful  social  occasions  for  us,  will  see  if  they  cannot 
find  him  and  bring  him  into  view.  It  gives  me  one  of  the  greatest  pleasures  of 
my  life  to  present  to  the  state  of  New  Mexico  through  you.  Senator  Jones, 
representing  the  Governor  on  this  occasion,  this  bronze  of  our  great  citizen, 
Mr.  Frank  Springer. 

Acceptance  for  the  State 

Senator  Jones:  Dr.  Hexvett,  Ladies  and  Gentlemen:  This  is  to  me  a very  gratifying 
occasion.  Of  course,  I bring  to  you  the  regrets  of  our  distinguished  Governor  that  he  is 
unable  to  be  -with  us  tonight,  and  in  the  name  of  the  state  of  New  Mexico  I accept  this  very 
wonderful  gift.  I appreciate  the  fact  that  I am  privileged  to  bear  his  commission  and  in  his 
name  perform  this  function.  It  is  gratifying  to  me  as  a citizen  of  New  Mexico*  and  as  a resi- 
dent of  Las  Vegas,  which  has  for  so  many  years  been  the  home  of  our  distinguished  citizen 
that  we  honor  tonight. 

It  was  my  privilege  to  become  acquainted  with  him  back  in  the  middle  eighties  and  to 
have  become  intimately  associated  with  him  during  subsequent  years.  During  fourteen  years, 
the  latter  part  of  his  activity  in  law,  he  and  I occupied  the  same  offices — a close  association 
which  to  me  made  an  ever  binding  friendship.  As  a young  lawyer  at  the  bar  I used  to  sit  in 
council  with  him,  and  I can  bear  witness  to  the  many  splendid  qualities  and  great  ability  of 
Mr.  Springer  which  have  been  told  to  you  in  such  an  eloquent  way  by  Colonel  Twitched,  who 
has  also  been  my  friend  during  all  that  period  of  years.  So,  from  a personal  standpoint,  it  is 
more  than  gratifying  to  appear  before  you  tonight  and  join  in  the  tributes  to  my  friend. 
I know  his  ability  as  a lawyer  and  as  a business  man,  and  I have  known  something  of  his  work 
as  a scientist  and  philanthropist  and  big  hearted  citizen. 

On  behalf  of  the  state  of  New  Mexico  I am  particularly  pleased  to  speak  on  this  occa- 
sion. To  me  it  is  unusual  in  history.  We  are  doing  tonight  two  things  which  have  seldom 
been  done  in  the  past.  First,  we  are  honoring  a private  citizen.  If  you  will  observe  the  statues 
of  men  throughout  the  United  States,  you  will  find  that  they  are  dedicated  generally  to  those 
who  have  become  famous  either  in  war  or  statesmanship* — in  some  public  capacity.  Tonight 
we  are  met  to  honor  a citizen  who  has  become  famous  in  other  walks  of  life.  It  is  my  hope  that 
this  occasion  may  become  an  inspiration  to  other  sections  of  our  country  and  to  other  coun- 
tries. Let  us  look  into  the  lives  of  those  with  whom  we  associate ; let  us  commend  the  great 
and  good  things  they  are  doing.  To  be  noted  at  the  bar,  in  business,  in  science,  is  something 
which  should  appeal  to  the  rising  generations,  and  tonight  when  we  honor  a distinguished 
citizen  for  all  these  qualifications,  we  honor  one  whose  career  should  be  emulated  by  the  youth 
of  the  land.  So  I am  especially  pleased  in  the  name  of  the  state  of  New  Mexico*  to  accept  this 
gift  to  the  state  presented  by  the  friends  of  the  man  who  has  become  thus  distinguished  and 
thus  famous  in  private  life. 
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In  another  respect  is  this  occasion  unusual.  The  subject  of  our  meeting  this  evening  is 
still  in  life.  Too  often,  almost  universally,  tributes  of  this  character  are  brought  after  we  have 
been  laid  under  the  sod.  How  much  better  it  is  that  we  should  strew  flowers  along  life’s  path- 
way and  make  it  brighter  and  pleasanter  for  those  with  whom  we  associate.  This  is  another 
act  which  I hope  may  be  repeated  in  the  future  in  New  Mexico  and  in  the  nation.  So,  speak- 
ing for  the  chief  executive  of  this  state,  and  I know  that  I speak  for  the  citizens  of  New 
Mexico,  I say  that  I am  proud  and  grateful  to  receive  this  monument,  which  will  be  preserved 
by  the  state  for  all  time  to  come,  to  one  who  is  worthy  of  the  highest  esteem  of  our  great 
people. 
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Abrachiocrinus,  98. 

Ahracrinus,  42. 

Actinocrinidae,  defined  by  Jaekel,  41. 

Aethocrinus  sculptus,  142. 

Agassiz,  Louis,  i. 

Allocrinus,  30. 

benedicti,  31. 

longidactylus,  30. 

ponderosus,  30. 

typus,  30. 

American  Museum  Nat.  Hist,  7,  ii. 
Ampheristocrinus  typus,  132. 

Anal  structures,  modifications  of,  41. 

■ tube,  96. 

Angelin,  N.  P.,  9,  41. 

Anisocrinus,  65. 

angelini,  66. 

greenei,  66. 

oswegoensis,  66. 

Anthemocrinus,  14. 

Aorocrinus,  47. 

clarkensis,  47. 

nodosus,  47. 

Arms  in  Calceocrinidae,  89. 

axil,  90,  94,  125. 

branching  of,  112,  125. 

disappearance  of,  89,  99. 

lateral,  90. 

median,  89,  90,  95,  125. 

modifications  of,  89,  94,  99. 

Asaphocrinus,  66. 

bassleri,  66. 

minor,  67. 

Asymmetry  of  stem  and  arms,  89. 

Axil-arm  system,  90,  92,  93. 

development,  diagram,  94. 

Bainbridge  formation,  75,  79. 

Barrandeocrinus,  43. 

Basals,  atrophy  of,  89. 

fusion  of,  90. 

Base,  modifications  of,  89,  90. 

mobility  of  crown  on,  96. 

Bassler,  R.  S.,  2,  10,  ii,  80,  117. 

Bibliographic  Index,  10. 

Bather,  F.  A.,  9,  20,  82,  88,  96,  97,  100,  104,  126,  131, 
136,  137. 

Batocrinidae,  41. 

rejected  by  Jaekel,  41. 

Beachler,  Charles  S.,  6,  9,  10. 

Beech  River  formation,  3,  6. 

Benedict,  A.  C.,  6,  10,  76. 

Bibliography  of  author’s  works,  146-152. 

Bilateral  symmetry,  89,  96,  99. 


Birmingham  Museum,  8,  63. 

Blastoidea  and  Cystidea,  141. 

Bob  formation,  2. 

Botryocrinus  polyxo,  138. 

tenuidactylus,  137. 

Brachials,  90. 

Brahmacrinus,  53. 

elongatus,  53. 

Braun,  Frederick,  6,  7,  10,  ii. 

British  Museum,  6,  ii. 

Brownsport  group,  2. 

Calceocrinidae,  71,  88,  loi,  104. 

diagram  of  Forms  A,  B,  C,  D,  91. 

■ — — ■ distribution,  too. 

evolutionary  series,  90,  91,  92,  99. 

genera  of,  104. 

mobility  of  crown  on  stem,  98. 

mode  of  life,  98. 

nomenclature,  loi. 

orientation  of  calyx,  88. 

series  of,  91. 

shifting  of  stem,  96. 

tri-radiate  form,  92. 

Calceocrinus,  loi,  102,  103,  104,  115,  118. 

diagram,  91. 

generic  position  of,  103. 

alleni,  119. 

bassleri,  100,  117. 

bident  at  us,  118. 

bifurcatus,  113,  117. 

bradleyi,  loi. 

contractus,  118. 

■ foerstei,  94,  100,  n6. 

furcillatus,  no. 

gotlandicus,  94,  100. 

halli,  103,  1 18. 

interpres,  94,  100. 

nitidus,  100,  113,  119. 

pinnulatus,  94,  95,  100,  113,  116. 

pugil,  100,  1 17,  120. 

ruqosus,  no. 

stigmatus,  loi,  118. 

tenax,  116. 

tucanus,  100,  117. 

— — typus,  loi,  103,  119. 

Callicrinus,  18,  39. 

beachleri,  40. 

spp.,  40. 

Calvin,  S.,  127. 

Calycanthocrinus,  74. 

Calyptocrinidae,  35. 

Camerata,  12. 

Carpenter,  P.  Herbert,  104. 
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Carpocrininae,  41. 

Carpocrinus,  41. 

sculptus,  41. 

simplex,  41. 

Caryocrinus  bulbosus,  143. 

milliganae,  143. 

ornatus,  143. 

persculptus,  143. 

Castocrinus,  loi. 

billmgsianus,  no. 

Catillocrinidae,  paper  on,  96. 

Catillocrinus,  73,  82,  89. 

Chapman,  K.  M.,  9,  ii. 

Characters  in  classification,  41. 

changes  in,  125. 

Cheirocrinus,  loi,  103. 

clams,  loi,  102,  121. 

dactylus,  lOi. 

ventricosus,  123. 

Chicago  area,  8. 

University  of,  6,  ii. 

Classification,  41. 

Clidochirus,  69. 

americanus,  69. 

Clonocrinus,  32,  34. 

■ occidentalis,  34. 

Clusters  of  crinoids,  63. 

Coccocrinus,  48. 

zone,  4. 

bacca,  3,  48,  49,  50. 

rosaceus,  49,  50,  51. 

Coelocrinus,  47. 

Collections  and  localities : 

American  Mus.  Nat.  Hist.,  7,  ii. 

Beachler,  Chas.  S.,  6,  9,  10. 

Braun,  Frederick,  6,  7,  10,  ii. 

Chicago  area,  8. 

University  of,  6,  ii. 

Decatur  County,  Tennessee,  4. 

Dudley,  England,  8. 

Elrod,  Moses,  6,  10. 

Gotland,  Sweden,  8. 

Hall,  James,  6,  7,  ii. 

• Hammell,  John  F.,  6,  10. 

Illinois,  University  of,  ii. 

Jewett,  Col.,  7. 

Lockport,  New  York,  7. 

Milligan,  Mrs.  J.  M.,  2,  ii. 

Newsom,  Tennessee,  10. 

New  York  State  Museum,  7,  ii, 

Pate,  W.  F.,  3,  4,  II. 

Ringueberg,  E.  N.  S.,  7,  10. 

Safford,  i,  2. 

Ste.  Genevieve  Co.,  Missouri,  75,  79. 

St.  Paul,  Indiana,  6. 

I'roost,  Gerard,  i,  ii. 

Ulrich,  E.  O.,  II. 

Wabash,  Indiana,  6. 

Wachsmuth,  Charles,  3. 

Waldron,  Indiana,  6. 

Walker,  Sir  Edmund,  ii. 

Worthen,  A.  H.,  2. 

Corymbocrinus,  34. 

Cremacrinus,  loi,  102,  103,  104,  105,  116. 

diagram  of,  91. 

articulosus,  100,  108. 

billingsianus,  no. 

decatur,  107. 

furcillatus,  no. 


I Kentuckiensis,  109. 

punctatus,  loi,  102,  no. 

rugosus,  no. 

simplex,  107. 

tubuliferus,  94,  96,  106. 

ulrichi,  103. 

Crotalocrinus,  128. 

cora,  129. 

pulcher,  130. 

rugosus,  129. 

Crown,  mobility  on  base,  96,  98. 

recumbent  position,  99,  124. 

Cryptodiscus,  40. 

Culicocrinus,  49,  50. 

nodosus,  SI. 

spinosus,  51. 

Cupellaecrinites,  55. 
Cyathocrinidae,  131. 
Cyathocrinus,  133. 

decatur,  134. 

polyxo,  138. 

striolatus,  134. 

wilsoni,  134. 

Cylicocrinus  canaliculatus,  43. 

spinosus,  44. 

Cypellaecrinus,  55. 

Cyphocrinus,  14. 

chicagoensis,  15. 

gorbyi,  15. 

Cytocrinus  laevis,  28. 

Decatur  formation,  2,  5,  47. 

De  Loriol,  104. 

Deltacrinus,  loi,  102,  103. 

clarus,  102,  121. 

Dendrocrinus  nucleus,  138. 
Besmidocrinus,  43. 

— — dubius,  43. 

laurelianus,  43. 

Dimerocrinidae,  12. 
Dimerocrinus,  12. 

inornatus,  13. 

milliganae,  13. 

nodobasis,  13. 

planus,  13. 

Dolatocrinus,  paper  on,  23,  59. 
Dudley,  England,  8. 

collections  at,  8. 

Museum,  8,  n,  63. 

Ectenocrinus,  89. 

Elrod,  Moses,  6,  10. 
Emperocrinus  indianensis,  23. 
Eomyelodactyliis  rotundus,  86. 
Eucalyptocrinus,  18,  35. 

zone,  4,  37. 

crassus,  16,  39. 

depressus,  38. 

elrodi,  36. 

lindahli,  36. 

magnus,  36. 

milliganae,  37. 

ovalis,  36. 
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pernodosus,  38. 

sculptilis,  38. 

splendidiis,  37. 

ventricosus,  37. 

spp.,  38,  39- 

Eucheirocrinus,  loi,  103,  104,  iii. 

diaj^ram  of,  91. 

anglicus,  iii,  112,  113. 

chrysalis,  iii,  112. 

indianensis,  114. 

minor,  112. 

Ontario,  in,  112,  113. 

Eiicrinus,  12,  14. 

Eudimerocrinus,  14. 

multibrachiatus,  14. 

Evolution  in  the  act,  99. 

Evolutionary  series,  go,  91. 

Faunas,  American  and  European,  4,  8,  55,  72. 
Fistulata,  85. 

Flexibilia,  64. 

Florin,  A.,  8. 

B'oerste,  Aug.  F.,  2,  6,  7,  41,  117. 

Foreign  Silurian,  8. 

Forms  of  Calceocrinidae,  A,  B,  C,  D,  go,  91. 
Fusion  of  basals,  go. 


perplexus,  97,  123. 

secundus,  96,  12 1. 

tJammell,  John  F.,  collection,  6,  10. 
Hapalocrinus,  52. 

cirrifer,  52. 

devonicus,  53. 

gracilis,  52. 

pinnulatus,  52. 

retiarius,  52. 

tennesseensis,  53. 

tuberculatus,  53. 

Haplocrinus,  49,  50,  73,  81. 

mespiliformis,  50,  81. 

Herpetocrinus,  85. 

Heterocrinidae,  85,  89. 

Heterocrinus,  89,  91. 

diagram  of,  91. 

bellevillensis,  92. 

Hinge,  96. 

Holcroft,  Charles,  8,  63. 
Homocrinus,  13 1. 

Hormocrinus,  66. 

tennesseensis,  66. 

Hypocrinus,  133. 

Hyptiocrinus,  IS- 
typus,  15. 


Gasterocominae,  133. 

Gazacrinus,  15. 

depressus,  17. 

inornatus,  16. 

magnus,  17. 

milliganae,  18. 

ramifer,  18. 

stellatus,  19. 

ventricosus,  17. 

Genus  and  species  indet.,  21,  39,  58. 
Gissocrinus,  135. 

approximatus,  137. 

delicatus,  136. 

lyoni,  135. 

magnibrachiatus,  136. 

quadratus,  137. 

Glyptaster,  12. 

Goldring,  Winifred,  21,  27,  9^. 

Gotland,  Sweden,  8. 

Gnorimocrinus,  70. 

cirrifer,  70. 

varians,  70. 

Gray,  John,  8. 

Habrocrinus,  42. 

ornatissimus,  42. 

— — ornatiis,  42. 

Hall,  James,  6,  7,  9,  loi,  103. 
Halysiocrinus,  loi,  102,  104,  116,  121. 

diagram  of,  91. 

bradleyi,  loi. 

carinatus,  122. 

dactylus,  123. 

keyserensis,  12 1. 

marylandensis,  122. 

nodosus,  124. 


Ichthyocrinidae,  68. 
Ichthyocrinus,  68. 

subangularis,  69. 

Idiocrinus,  IS,  16. 

elonqatus,  16. 

Illinois,  University  of,  ii. 
Inadunata,  71. 

Indiana  area,  6. 

Insertae  sedis,  54,  139. 
locrinus,  85. 

Jaekel,  O.,  41,  49,  82,  99,  119. 
Jewett,  Col.,  7. 

Klinteberg,  G.,  8. 

Lampterocrinus,  19. 

parvus,  20. 

roemeri,  21. 

SCUlptUS,  21. 

tennesseensis,  20. 

Larviformia,  71. 
Laurelocrinus,  32. 

gibbosus,  33. 

paulensis,  33. 

spinoradialis,  34. 

wilsoni,  33. 

Lecanocrinidae,  64. 
Lecanocrinus,  65. 

caliculus,  67. 

elongatus,  65. 

meniscus,  65. 

pisiformis,  65. 

pusillus,  65. 

Lecythiocrinus  adamsi,  133. 
problematicus,  133. 
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Lepadocrinus  gebhardi,  142. 
Leptocrinus,  42. 

Liljevall,  Georg,  88. 

Lobelville  formation,  2. 

Lockport,  New  York,  7,  9,  10. 
Lyon,  Sidney  S.,  2,  ii,  50. 
Lyonicrinus,  48. 

bacca,  51. 

Lyriocrinus  dactylus,  24. 

melissa,  24. 

Lysocystites  sculptus,  142. 

Macrostylocrinus,  25. 

anglicus,  27. 

■  fasciatus,  25. 

granulosus,  26. 

indianensis,  27,  32. 

laevis,  26. 

meeki,  26. 

• — — ornatus,  27. 

pustulosus,  26. 

striatus,  27. 

Madely,  William,  8. 

Main-axils,  90. 

Mariacrinus,  28. 

■  aureatus,  29. 

carleyi,  29. 

rotundus,  29. 

sp.,  29. 

Marsipocrininae,  55. 
Marsipocrinus,  55. 

coelatus,  52. 

■  concavus,  60. 

excavatus,  60. 

inflatus,  58. 

magnificus,  6i. 

rosaeformis,  57,  59. 

stellatus,  60. 

striatissimus,  61. 

striatus,  58. 

tennesseensis,  56,  57,  59. 

turbinatus,  62. 

verneuili,  59. 

Marsupiocrinus,  55. 

Median  arm,  89,  90,  95. 

Meek  and  Worthen,  loi,  104. 
Melocrinidae,  25. 

genus  and  species  indet,  32. 

Melocrinus,  27. 

• aequalis,  28. 

obconicus,  28. 

oblongus,  28. 

roemeri,  28. 

Onondaga,  28. 

spectabilis,  27. 

tennesseensis,  27. 

Merrill,  Dr.  Geo.  P.,  ii. 

Miller,  S.  A.,  6,  15,  16,  73,  76,  104. 
Miller  and  Gurley,  78,  131. 
Milligan,  Mrs.  J.  M.,  2,  ii,  131. 
Mobility  of  crown,  98. 
Monobrachiocrinus,  98. 

Moodey,  Margaret  W.,  ii. 


Mycocrinus,  73. 

Myelodactylus,  7,  85,  98. 

ammonis,  86. 

brachiatus,  87. 

— - brevis,  86. 

hridgeportensis,  86. 

convolutus,  86. 

extensus,  87. 

fletcheri,  86. 

gorbyi,  86. 

keyserensis,  87. 

nodosarius,  87. 

— — schucherti,  87. 

Myrtillocrinus  americanus,  49. 
Mysticocrinus,  83. 

wilsoni,  84. 

Munster,  74. 

Muscular  articulation,  88. 

New  Mexico,  presentation  to  State,  153. 
Newsom,  Tennessee,  10,  24,  36. 

New  York  area,  7. 

State  Museum,  7,  ii. 

Niagaran,  sections,  3,  5. 

Number  of  species,  8. 

Nyctocrinus,  34. 

magnitubus,  34. 

Oehlert,  D.,  8r. 

Ohiocrinus,  89. 

Oral  plates,  73,  75,  82. 

Origin  of  this  work,  9. 

Palaeocrinus,  13 1. 

Paragazacrinus,  22. 

rotundus,  22. 

Parastephanocrinus  typus,  139. 
Parisocrinus  siluricus,  135. 

Pate,  W.  F.,  2,  4,  9,  II. 

Patelliocrinus,  31. 

laevis,  32. 

ornatus,  31. 

pinnulatus,  31. 

rugosus,  32. 

Patelloid  plates,  137. 

Paulocrinus,  22. 

biturbinatus,  22. 

Periechocrininae,  44. 

Periechocrinus,  44. 

laevis,  46. 

minor,  46. 

moniliformis,  44,  45. 

tennesseensis,  45. 

whitei,  44. 

sp.,  45- 

Personal  record,  144. 

Petalocrinus,  126. 

inferior,  127. 

longus,  127,  128. 

mirabilis,  126. 

visbycensis,  127. 

Phoenkocrinits,  42. 

Phylogenetic  modifications,  95,  125. 
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Pinnules,  doubled,  20,  42. 

openings  for,  59. 

Pionocrinus,  42. 

Pisocrinus,  72,  89. 

baccula,  75. 

benedicti,  77. 

campana,  76,  80. 

gemmiformis,  74. 

globosus,  79,  80. 

gorbyi,  78. 

granulosus,  75. 

milliganae , 78. 

ollula,  78,  80. 

pilula,  76,  80. 

pocillum,  76. 

pyriformis,  80. 

quinquelobus,  77,  78,  79. 

sphericus,  75,  78,  79. 

tennesseensis,  75,  79. 

Platycrinidae,  82. 

genus  and  species  indet.  No.  i,  5i- 

No.  2,  SI. 

No.  3,  52. 

Platycrinus  retiarius,  52. 

huntsvillae,  52,  53. 

Primibrachs,  unequal-faced,  94. 

ProcUvocrinus,  loi. 

Progressive  characters,  94,  95.  125. 
Protaxocrinus,  69. 

robustus,  70. 

Pseudocrinus  qaudrifasciatus,  142. 

Pycnosaccus,  67. 

americanus,  67. 

dubius,  68. 

laurelianus,  67. 

patei,  67. 

welleri,  67. 

Racine  dolomite,  8. 

Respiratory  pores,  59. 

Resser,  C.  E.,  ii. 

Rhodocrinidae,  22. 

genus  and  species  indet.,  24. 

Riks  Museum,  Stockholm,  8. 

Ringueberg,  E.  N.  S.,  7,  9,  10,  88,  loi,  103,  104. 
Rochester  shale,  7,  10. 

Roemer,  C.  F.,  i,  18. 

Rominger,  Carl,  2. 

Rowley,  R.  R.,  75,  79. 

Saccocrinus,  44,  45. 

benedicti,  46. 

cuspidatus,  46. 

speciosus,  45. 

umbrosus,  46. 

Safford,  J.  M.,  i,  ii. 

Sagenocrinidae,  68. 

Sagenocrinoidea,  64. 

Sagenocrinus,  68. 

americanus,  68. 

clarki,  68. 

St.  Paul,  Indiana,  6. 

Schuchert,  C.,  129. 


Schultze,  L.,  74,  81. 

Scyphocrinus,  paper  on,  23,  57,  59. 
Segments  of  1.  ant.  radial,  89,  94,  95. 
Series  of  Calceocrinidae,  91. 

Slocom,  A.  W.,  8,  9,  129. 

Species,  number  of,  8. 

Springer,  R,  23,  57,  59. 

Paper  on  Catillocrinidae,  96. 

Dolatocrinus,  21,  23,  59. 

Scyphocrinus,  23,  57,  59. 

Unusual  Forms,  25,  85. 

Zittel-Eastman  Textb.,  loi. 

Steganocrinus,  20. 

sculptus,  20. 

Stem,  asymmetric  location,  89,  96. 

bending  of  crown  on,  88,  99. 

indentation  by,  no,  122. 

sessile  condition  of,  99. 

shifting  of,  96. 

Stephanocrinus,  139. 

angulatus,  139. 

gemmiformis,  140. 

Stribalocystites  gorbyi,  142. 

Subanal  plate,  89. 

Suborals,  49. 

Supplementary  plates,  97. 

Symbathocrinus,  73. 

' tennesseensis,  79,  80. 

Syiichirocrinus  anqlictts,  119. 

T-piece,  89. 

Taxocrinidae,  69. 

Taxocrinoidea,  69. 

Tennessee  area,  i. 

I Tetracystis  fenestratus,  14 1. 

Text-figures,  91,  94,  112. 

Thalamocrinus,  131. 

cylindricus,  132. 

elongatus,  132. 

globosus,  132. 

ovatus,  13 1. 

Thomas,  A.  O.,  126. 

Thysanocrinns,  12. 

Tiaracrinus,  81,  82. 

quadrifrons,  81. 

soyei,  81. 

Torynocrinus,  98. 

Triacrinus,  74,  89. 

altus,  74. 

depressus,  74,  80. 

Troost,  Gerard,  i,  ii. 

Troostocrinus,  141. 

zone,  4. 

reinwardti,  141. 

sanctipaulensis,  141. 

! 

Uintacrinus,  137. 

Ulrich,  E.  O.,  ii,  97,  100,  loi. 

United  States  National  Museum,  8,  ii. 
Unusual  Forms  of  Fossil  Crinoids,  25,  85. 

Vanderbilt  University,  2,  ii. 
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Unless  so  noted,  the  figure  is  of  natural  size.  All  the  specimens  figured,  except  as  otherwise 
stated,  are  in  the  author’s  collection  now  in  the  United  States  National  Museum. 
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PLATE  1 

(All  figures  not  otherwise  noted  natural  size) 

Dimerocrinus  planus  new  species 

Fig.  I.  Complete  crown  of  maximum  size,  with  long  stem;  lo  heavy  arms. 

2,  3.  Lateral  and  posterior  views  of  two  other  crowns. 

4.  Crown  with  more  delicate  structure. 

5.  Calyx  showing  anal  side. 

6.  Basal  view  of  crushed  calyx  showing  IBB. 

7.  ja.  Large  calyx  with  abnormal  anal  side,  perhaps  of  this  species ; has  IBB  invisible  from 

side  view;  posterior  and  lateral  views. 

Beech  River  formation;  Decatur  County,  Tennessee. 


Dimerocrinus  milliganae  (Miller  and  Gurley) 

Fig.  8.  Type  specimen  of  “ Glyptaster”  milliganae,  formerly  in  the  collection  of  Mrs.  J.  M. 
Milligan. 

Horizon  and  locality,  same  as  last. 

Dimerocrinus  nodobasis  new  species 

Fig.  9.  Oblique  basal  view  of  large  crown,  shoAving  nodes  on  BB,  and  minute  IBB  concealed  by 
top  columnal. 

Qa.  Another  view  of  calyx,  showing  anal  series. 

10.  Basal  view  of  smaller  specimen. 

Horizon  and  locality,  same  as  last. 


Dimerocrinus  inornatus  (Hall) 

Fig.  II.  Large  calyx,  from  1.  post,  radius,  with  strongly  projecting  basals. 
no.  Basal  view  of  same. 

12.  Posterior  view  of  smaller  calyx. 

Waldron  shale ; Hartsville,  Indiana. 


Eudimerocrinus  multibrachiatus  new  species 

Fig.  13.  Nearly  complete  crown,  with  arms  frequently  branching,  biserial  above  and  below  the 
bifurcations;  basal  and  radial  series  surmounted  by  spinose  cusps;  IBB  restricted  to 
the  column-facet.  Anterior  view. 

13a.  Anal  side  of  calyx,  somewhat  restored. 

T3&.  The  base,  with  column  removed,  to  show  relation  of  IBB. 

14.  Another  complete  crown,  seen  from  1.  post,  radius. 

Beech  River  formation;  Decatur  County,  Tennessee. 


Cyphocrinus  gorbyi  S.  A.  Miller 

Fig.  15.  Lateral  view  of  calyx,  showing  drooping  of  arm-bases,  pinnule  openings  between  them, 
and  spiniferous  tegmen. 

16.  Dorsal  view  of  another  specimen,  showing  arrangement  of  plates  and  distribution  of 
arms. 

17, 18.  Ventral  views  of  two  specimens  showing  composition  of  tegmen,  position  of  anus,  and 
spiniferous  ambulacrals. 

Laurel  formation ; St.  Paul,  Indiana. 

genus  and  species  indet 

Figs.  19, 20, 21, 22.  Fragments  of  stem  of  unknown  crinoid  from  the  Laurel  limestone,  St.  Paul, 
Indiana. 
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PLATE  2 

(All  figures  natural  size  unless  otherwise  stated) 
Gazacrinus  inomatus  S.  A.  Miller 


PAGE 
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Fig.  I. 


2. 

3- 


S- 

Sa. 

6. 

7- 

8,9. 


Post,  view  of  calyx  and  rays  to  level  of  IBr.  X S/2. 

Ant.  view  of  crown  with  part  of  arms  intact.  X 2. 

Dorsal  view  of  calyx,  showing  excavate  base  with  IBB  concealed  by  a columnal ; r.  ant. 
side  above.  X S/2. 

Ventral  view  of  cup,  showing  articulating  faces  of  RR  at  level  of  IIBr,  the  strong  inter- 
radial  processes  for  support  of  orals,  which  are  wanting  here.  X 2. 

The  tegmen,  with  oral  plates  in  position  resting  on  the  interradial  processes,  except  the 
central  part  of  post,  oral,  or  a part  corresponding  to  it.  here  broken  away.  X 2. 

Basal  view  of  same,  showing  IBB  at  bottom  of  cavity.  X 2. 

A detached  set  of  oral  plates  lacking  central  part.  X 3/2. 

Tegmen  of  another  specimen  with  all  oral  plates  in  place,  surmounted  by  ridges  not  present 
in  fig.  5 ; fractured  part  restored  in  outline.  X 2. 

Basal  views  of  two  other  specimens.  X 3/2.  The  ventral  structures  vary  in  different 
specimens. 

Laurel  limestone;  St.  Paul,  Indiana. 


Gazacrinus  magnus  new  species I7 

Fig.  10.  Very  elongate  central  pyramid  of  tegmen,  being  the  5 oral  plates  divided  by  vertical 
sutures,  one  of  which  is  seen  at  the  right  lower  corner.  X 2. 
loa.  Internal  view  of  same,  showing  division  of  the  plates ; the  outer  lighter  area  corresponds 
to  the  lower  shaded  one  in  fig.  ii.  X 2. 

11.  An  isolated  plate,  one  of  the  5 orals  from  a still  larger  specimen,  showing  the  sharp 

sutural  faces  at  either  side ; the  lower  shaded  area  is  the  surface  of  attachment  to 
interradial  processes,  corresponding  to  the  lighter  area  in  fig.  loa.  X 2. 

12.  Another  ventral  pyramid  having  only  half  as  many  plications  as  in  fig.  10. 

Laurel  limestone;  St.  Paul,  Indiana. 

Gazacrinus  depressus  new  species 17 

Fig.  13.  Specimen  with  depressed,  rounded  calyx  and  heavy  arms ; base  crushed.  X 3/2. 

14.  Detached  base,  perhaps  of  this  species,  somewhat  resembling  the  Tennessee  species. 

X 3/2. 

Laurel  limestone;  St.  Paul,  Indiana. 

Gazacrinus  ventricosus  (Wachsmuth  and  Springer) 17 

Figs.  15,  15a,  15b.  Posterior,  basal  and  ventral  views  of  tbe  type  specimen,  the  latter  having  the  low, 
radiating  pyramid  in  place,  somewhat  imperfect  in  the  median  part.  X 4- 
16,  160.  Distal  and  proximal  views  of  detached  ventral  pyramid  from  another  specimen.  X 2. 

Laurel  limestone;  St.  Paul,  Indiana. 

Gazacrinus  ramifer  (Roemer) 18 

Fig.  17.  Dorsal  view  of  calyx  with  anal  side  above,  showing  the  broad  basal  cavity  lodging  IBB ; 

with  pentagonal  projecting  rim  upon  basals  and  less  prominent  triangles  passing  to  the 
radial  series. 

18.  A nearly  complete  crown  from  1.  post,  radius,  with  long  and  heavy  biserial  arms. 

19, 190.  Anterior  and  posterior  views  of  crown  with  part  of  arms,  the  latter  having  the  ven- 
tral pyramid  clearly  in  view. 

20,  200.  A complete  crown  with  the  triangular  sculpture  on  basals  and  radials  sharply  accen- 

tuated ; ant.  and  r.  post.  iR  views. 

21.  Part  of  crown  of  similar  well  marked  specimen  from  Wa3me  County,  Tennessee. 

Beech  River  formation;  all  but  the  last  from  Decatur  County,  Tennessee. 


Gazacrinus  milliganae  (Miller  and  Gurley) 18 

Fig.  22.  Basal  view  of  type;  plates  raised  into  prominent  nodes. 

23,  24.  A detached  ventral  pyramid,  and  a larger  specimen,  perhaps  of  this  species. 

Beech  River  formation ; Decatur  County,  Tennessee. 
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Gazacrinus  stellatus  new  species 19 

Figs.  25, 25a,  b,  c.  Posterior,  anterior,  basal  and  ventral  views  of  unique  specimen,  with  highly 
sculptured  surface,  and  pentagonal  and  triangular  projections  similar  to  those  of 
G.  ramifer,  the  latter  forming  a conspicuous  star.  In  25c  there  is  a remnant  of  the 
ventral  pyramid,  much  distorted. 

Linden  formation.  Lower  Devonian;  Hardin  County,  Tennessee. 
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PLATE  3 

(Figures  natural  size  unless  otherwise  indicated) 

Lampterocrinus  tennesseensis  Roemer 20 

Fig.  I.  A typical  calyx  from  posterior  side,  showing  the  anal  series  with  sharp  median  ridge 
leading  to  the  tube. 

2.  L.  ant.  view  of  another  calyx,  showing  bulging  of  the  anal  side  at  the  right,  and  strong 
ridges  passing  from  basals  to  radial  series. 

3,4.  Two  other  specimens  differing  in  size  and  contour. 

5,  50.  Complete  crown  with  tubular  extensions  single  from  each  ray,  bearing  alternating  pin- 

nuliferous  side  arms;  with  anal  tube  preserved;  it  is  free  from  the  matrix,  and  the 
two  views  show  opposite  sides. 

6.  Fragment  of  another  specimen  showing  details  of  arms,  with  two  pinnules  from  each 

brachial.  X 2. 

Beech  River  formation;  Decatur  County,  Tennessee. 

Lampterocrinus  sculptus  new  species 21 

Figs. 7,  8.  Two  calices  with  more  elaborate  sculpturing  and  wider  expanding  contour — from  same 
locality,  and  perhaps  a variety  of  the  preceding. 

Lampterocrinus  roemeri  new  species 21 

Fig.  9.  Characteristic  specimen,  with  bases  of  tubular  extensions  attached,  and  part  of  the  pen- 
tagonal stem. 

10.  Complete  crown,  with  anal  tube ; radial  extensions  and  side-arms  well  preserved. 

11,  12, 13.  Three  calices  showing  uniform  character  of  the  simplified  ridges. 

14.  Ventral  view,  showing  base  of  anal  tube. 

Beech  River  formation ; Decatur  County,  Tennessee. 

genus  and  species  indet 21 

Fig.  15.  Fragment  with  six-sided  stem,  sharply  angular,  and  only  part  of  basals.  X 2. 

15a.  Transverse  view  showing  the  large  lumen,  and  angles  of  the  hexagonal  stem.  X 2. 

Beech  River  formation;  Decatur  County,  Tennessee. 
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(Figures  natural  size  unless  otherwise  stated) 

Paragazacrinus  rotundus  new  species 

Complete  calyx,  with  tegmen  surmounted  by  a central  spine  and  divided  by  interambulacral 
and  secondary  ridges.  X 5/3- 

Dorsal  view  of  calyx  showing  the  5 IBB  at  bottom  of  indented  pit;  RR  separated  all  around 
by  BB  and  iBr.  X 5/2. 

Another  specimen,  with  smaller  basal  cavity.  X 2. 

Ventral  view  of  same  with  5 large  tegminal  plates  in  place,  but  central  spine  lacking; 

shows  openings  for  10  arms.  X 2. 

Isolated  pyramid  with  central  spine  attached.  X 2. 

Laurel  limestone ; St.  Paul.  Indiana. 

Paulocrinus  biturbinatus  new  genus  and  species 

Figs. 5,  5a.  Post,  and  r.  post,  views  of  complete  calyx  with  tegmen  passing  into  a large  anal  tube; 
all  plates  strongly  nodose  or  rugose ; r.  post,  ray  has  only  i IBr. 

5b.  Basal  view  of  same,  showing  irregular  form  of  IBB,  2 large  and  3 small,  and  5 BB  and 
2 RR  connecting  with  them. 

Sc.  Diagram  showing  arrangement  of  basal  plates. 

Laurel  limestone ; St.  Paul,  Indiana. 

Wilsonicrinus  discoideus  new  genus  and  species 

Dorsal  and  ventral  views  of  the  only  specimen — a broad  disk  slightly  convex  below  and 
passing  into  a strong  anal  tube  above;  4 IBB;  fixed  pinnules  from  cuneate  secundi- 
brachs  incorporated  in  calyx  wall,  leading  to  interradial  pinnule  openings  at  margin, 
conspicuous  on  ventral  side,  between  the  10  arm-openings.  X 3/2. 

Emperocrinus  indianensis  Miller  and  Gurley 

A typical  specimen,  of  simpler  structure  than  the  preceding,  and  having  S IBB ; inter- 
radial pinnule  openings  shown ; dorsal  and  ventral  views. 

Laurel  limestone ; St.  Paul,  Indiana. 

Rhodocrinidae,  genus  and  species  indet 

Fragment  of  large  stem  standing  at  angle  with  calyx  covering  4 large  IBB  as  seen  from 
the  interior;  RR  separated  all  around;  traces  of  injury  by  boring  parasites.  Outer  and 
inner  views. 

Laurel  limestone ; St.  Paul,  Indiana. 

Macrostylocrinus  fasciatus  Hall 

Fig.  9.  Posterior  view  of  highly  elevated  calyx,  with  anal  series  leading  to  opening  at  extreme 
margin  of  tegmen.  X 2. 

ga.  Basal  view  of  same.  X 3/2. 

gb.  The  tegmen,  with  ambulacra  fully  exposed  flanked  by  numerous  small  plates ; a small  anal 

opening  at  extreme  edge  of  tegmen.  X 3/4- 
Waldron  shale;  Hartsville,  Indiana. 

Macrostylocrinus  granulosus  Hall 

Fig.  10.  Post,  view  of  calyx  from  Madison,  Indiana,  with  anal  series  leading  to  opening;  surface 
granulose.  X 2. 

lOfl.  The  tegmen,  with  anal  opening  covered  by  pyramid  of  small  plates;  a large  posterior 
oral ; and  ambulacra  radiating  to  arm-openings  with  numerous  small  plates  between 
of  uncertain  arrangement.  X 2. 

II,  iia,  iifi,  lie.  R.  ant.,  post.,  and  ventral  views  of  small  specimen  from  Newsom,  Tennessee, 
with  tegmen  well  preserved.  X 2. 

12, 13.  Specimens  from  Newsom  and  Decatur  County,  Tennessee,  perhaps  of  this  species. 
X 3/2. 

Waldron  shale;  Indiana  and  Tennessee. 


Figs.  6, 6a. 


Figs.  7,  7a. 


Figs.  8,  8a. 
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Macrostylocxinus  laevis  new  species 26 

Figs.  14,  15.  Dorsal  oblique  views  of  two  crowns,  with  strong  biserial  arms;  calyx  more  or  less 
crushed. 

16,  17, 18, 19.  Lateral  views  of  4 calices,  showing  various  contours ; surface  in  all  smooth ; 

16  and  17  flattened. 

Beech  River  formation;  Decatur  County,  Tennessee. 

Macrostylocxinus  meeki  (Lyon) 26 

Figs. 20,  21, 22.  Post,  ant.  and  basal  views  of  three  specimens  lacking  the  striate  ornament;  show 
the  broadly  rounded  calyx,  sharp  ridges  following  the  radial  series,  and  the  wide  IBr ; 
in  22  post,  is  at  the  right. 

23.  A variant  perhaps  of  different  species,  showing  small  size  of  arms. 

Beech  River  formation;  Decatur  County,  Tennessee. 

Macrostylocxinus  ornatus  Hall  27 

Fig.  24.  The  type  species ; a complete  crown  and  stem  with  terminal  root ; biserial  arms  and  pin- 
nules; from  the  Rochester  shale  at  Lockport,  New  York,  collected  by  Frederick  Braun. 

(?)  Macrostylocxinus  pustulosus  new  26 

Figs.  25,  25a.  Post,  and  dorsal  views  of  the  only  specimen,  having  anal  side  like  Macrostylocrinus, 
but  radial  facets  more  like  the  Platycrinidae. 

Beech  River  formation;  Decatur  County,  Tennessee. 
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Fig.  I. 


(Figures  natural  size  unless  otherwise  stated) 
Melocrinus  tennesseensis  new  species  . . . . 


PAGE 
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Crown  with  part  of  arms  and  long  stem;  the  two  main  rami  not  fused;  calyx  plates 
displaced. 

Beech  River  formation;  Decatur  County,  Tennessee. 


Melocrinus  (?)  spectabilis  Angelin  27 

Fig.  2.  A very  complete  specimen  with  arms  and  stem  from  the  Wenlockian  at  Dudley,  England — 
for  comparison  with  the  Tennessee  form.  Note  the  numerous  IBr  plates. 


3.  Dorsal  view  of  another  specimen  from  the  same  locality. 

Melocrinus  onondaga  new  species  28 

Fig.  4.  A very  small  specimen  from  the  Onondaga  at  Sylvania,  Ohio.  X 2. 

Melocrinus  oblongus  Wachsmuth  and  Springer  28 

Figs.  5, 6.  Lateral  views  of  two  calices. 

Louisville  limestone ; Jefferson  County,  Kentucky. 

Cytocrinus  laevis  Roemer ; 28 

Figs.  7,  7a.  Lateral  and  ventral  views  of  calyx. 


8.  Post,  view  of  smaller  specimen,  showing  protuberant  anal  opening  in  tegmen. 
Beech  River  formation ; Decatur  County,  Tennessee. 


Mariacrinus  carleyi  (Hall)  29 

Figs.  9,  10.  Posterior  and  r.  post,  views  of  calyx. 

Laurel  limestone ; St.  Paul,  Indiana. 


Figs.  : 


Mariacrinus  aureatus  S.  A.  Miller  29 


Lateral  and  dorsal  views  of  calyx. 
Laurel  limestone ; St.  Paul,  Indiana. 


(?)  Mariacrinus  rotundus  new  species 29 

Figs.  12, 12a.  L.  post,  and  dorsal  views  of  calyx. 

Decatur  limestone;  above  Clifton  on  Tennessee  River,  Perry  County,  Tennessee. 


Mariacrinus  sp 

Fig.  13.  A well  marked  specimen  with  arms  and  stem,  from  the  Wenlockian  at  Dudley,  England. 


29 
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(Figures  natural  size  unless  otherwise  stated)  page 

Allocrinus  typus  Wachsmuth  and  Springer  ...  30 

Two  crowns,  showing  characteristic  heavy  arms,  with  calyx  expanding  upwards. 

Crown  somewhat  displaced,  with  complete  stem. 

A smaller  specimen. 

Beech  River  formation;  Decatur  County,  Tennessee. 


Allocrinus  ponderosus  new  species 30 

Figs.  5,  6.  Two  crowns,  showing  the  heavy  arms,  medially  swollen,  and  very  narrow  calyx. 

Beech  River  formation;  Decatur  County,  Tennessee. 

Allocrinus  longidactylus  new  species  30 

Complete  crown  with  stem,  showing  extreme  length  of  arms,  and  wide,  nodose  calyx 
Another  specimen  showing  distribution  of  pinnules. 

Lateral  and  dorsal  views  of  calyx. 

Var.  magniradialis.  Crown  with  nearly  complete  arms,  and  extremely  large  radials. 

Beech  River  formation;  Decatur  County,  Tennessee. 


Fig.  7. 

8. 

9,9a. 

10. 


Allocrinus  benedicti  S.  A.  Miller  31 

Figs,  ii,  12.  Two  crowns  with  more  rounded  calyx  plates,  from  Laurel  limestone;  St.  Paul,  Indiana. 


Patelliocrinus  omatus  new  species 31 

Figs.  13,  14.  Lateral  and  basal  viev/s  of  calyx. 

15,  15a.  Opposite  lateral  views  of  crown  free  from  matrix,  with  tubercular  surface,  and  10 
heavy,  biserial  arms.  X 3/2. 

Laurel  limestone ; St.  Paul,  Indiana. 


Patelliocrinus  rugosus  new  species, 


Figs.  16,  17. 
18. 


Two  calices  seen  from  1.  ant.  and  r.  post.,  with  very  large  radials  and  rugose  surface. 
Basal  view  of  another  specimen.  X 2. 

Laurel  limestone;  St.  Paul,  Indiana. 


Patelliocrinus  laevis  new  species 32 

Figs.  19, 20.  Lateral  views  of  two  specimens  with  smooth  surface;  IIBr  in  contact  all  around. 

X3/2. 

Laurel  limestone ; St.  Paul,  Indiana. 


genus  and  species  indet 32 

Fig.  21.  Complete  crown,  with  10  heavy  biserial  arms,  3 small  BB,  very  large  RR,  followed  by 
one  IBr  almost  filling  face  of  R;  one  small  iBr. 

2ia.  Opposite,  probably  post.,  view  of  lower  part  with  arms  broken  away,  showing  large  iBr. 

X2. 

2ih.  The  same  part  seen  from  a different  angle.  X 2. 

Beech  River  formation;  Decatur  County,  Tennessee. 
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(Figures  natural  size  unless  otherwise  stated) 

Laurelocrinus  paulensis  new  species 33 

Figs.  1,2.  Maximum  calices  to  upper  IIBr,  elongate  with  broad  base,  sides  rising  nearly  straight; 

first  IBr  about  square ; iBr  elongate,  8-  or  g-sided,  followed  by  a second  one  much 
narrower ; RR  large,  extending  into  basal  cavity. 

3.  Fragment  with  iBr. 

4,  5, 6.  Bases  of  similar  specimens  with  3 unequal  BB  limited  to  shallow  cavity,  occupied 

largely  by  column-facet  with  very  large  lumen. 

7,  8.  Variety  with  first  IBr  elongate  and  iBr  acuminate,  not  followed  by  a second. 

Laurel  limestone ; St.  Paul,  Indiana. 


Laurelocrinus  wilsoni  new  species 

Figs.  9, 10,  ii.  Much  smaller  form  than  last,  with  first  IBr  hexagonal,  iBr  5-sided  followed  by  one 
or  two  others ; 3 calices.  X 3/2. 

12.  Base  of  similar  specimen,  little  depressed,  with  small  column-facet  and  lumen.  X 3/2. 

13.  Specimen  showing  general  contour  of  calyx  to  higher  level,  upper  plates  displaced.  X 3/2. 
13a.  Base  of  same,  showing  striate  surface;  one  large  basal  bisected,  making  4 BB.  X .3/2. 

Laurel  limestone;  St.  Paul,  Indiana. 


33 


Laurelocrinus  gibbosus  new  species 33 

Fig.  14.  Very  small  calyx,  with  extremely  large  RR  and  iBr,  and  small  quadrangular  IBr;  all 
strongly  gibbous.  X 5/4- 

14a.  Base  of  same,  very  convex,  with  small  column-facet  and  lumen.  X 3/2. 

15, 16.  Base  of  another  specimen,  and  isolated  R and  IBr  of  another. 

Laurel  limestone;  St.  Paul,  Indiana. 


Laurelocrinus  spinoradialis  new  species 34 

Fig.  17.  Lateral  view  of  calyx,  with  sharp  spines  projecting  downward  from  RR;  first  IBr  quad- 
rangular; iBr  two  in  succession,  very  elongate,  8-  or  9-sided,  and  a similar  illBr. 

X 3/2. 

T7a.  Opposite  view  of  lower  part  of  same.  X 3/2. 

17&.  Base  of  same.  X 3./2. 

Laurel  limestone ; St.  Paul,  Indiana. 

Clonocrinus  occidentalis  new  species 34 

Figs.  18,  i8a.  Lateral  and  dorsal  views  of  calyx,  showing  deeply  sunken  basal  cavity,  with  4 small 
BB  at  bottom. 

Decatur  limestone ; near  Perryville,  Tennessee. 


Eucalyptocrinus  crassus  Plall 39 

Figs.  19, 20.  Lateral  and  ventral  views  showing  the  ventral  pyramid,  for  comparison  with  Gaza- 
crinus  on  plate  2.  (See  also  N.  A.  Crin.  Cam.,  pi.  83,  figs.  12,  13,  14.) 

Waldron  shale : Hartsville,  Indiana. 


Carpocrinus  sculptus  new  species 42 

Fig.  21.  Anterior  view  of  the  only  specimen,  showing  the  highly  sculptured  surface,  and  a few 
quadrangular  ossicles  of  the  arms.  X 2. 

2ia.  Posterior  view,  showing  full  series  of  anal  plates  leading  to  the  opening;  sculpture 
eroded  on  this  side  by  weathering.  X 2. 

21b.  Ventral  view  of  same,  showing  the  oral  plates,  ambulacra,  and  anal  opening  through  tegmen. 
X 2. 

Laurel  limestone ; St.  Paul,  Indiana. 
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Carpocrinus  simplex  (Phillips) 42 

Figs.  22,  22a.  Complete  crown,  with  stem,  of  specimen  from  Gotland,  with  pinnules  well  developed, 
two  to  each  brachial,  as  shown  in  fig.  22a,  enlarged.  X 2. 

23.  Another  specimen  from  Gotland,  showing  the  tegmen  with  ambulacra  exposed. 

Wenlockian ; Gotland,  Sweden. 

( ?)  Desmidocrinus  laurelianus  new  species 43 

Fig.  24.  Crown  with  part  of  stem,  r.  ant.  view;  has  4 uniserial  arms  to  the  ray. 

24a.  Posterior  view  of  calyx,  showing  anal  series.  X 3/2. 

24b.  Base  of  same.  X 3/2. 

Laurel  limestone;  St.  Paul,  Indiana. 

(?)  Desmidocrinus  dubius  new  species 43 

Fig.  25.  Crown  with  uniserial  arms,  bifurcating  once  or  twice;  post.  view. 

Same  horizon  and  locality  as  last. 

Cylicocrinus  canaliculatus  S.  A.  Miller 43 

Figs. 26, 27.  Posterior  and  anterior  views  of  calyx. 

28,28a.  Lateral  and  basal  views  of  calyx  with  3 equal  basal  plates  projecting  in  a wide  rim. 

29.  Basal  view  of  small  specimen  with  unequal  basals  and  narrower  rim. 

Laurel  limestone;  St.  Paul,  Indiana. 


Cylicocrinus  spinosus  new  species 44 

Fig.  30.  Basal  hexagon,  with  strong  spinose  projections  on  BB ; dorsal  view  shewing  small  cavity 
occupied  by  a columnal.  X 3/2. 

30a.  Interior  view  of  same,  showing  sutures  connecting  with  lumen.  X 3/2. 

Same  horizon  and  locality  as  last. 
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PLATE  8 

(Figures  natural  size  unless  otherwise  stated) 

Eucalyptocrinus  elrodi  S.  A.  Miller 

Fig.  I.  Dorsal  view  of  unusually  large  calyx,  with  profuse  tubercular  ornamentation. 

2.  Lateral  view  of  another  specimen  with  much  fewer  tubercles. 

Waldron  shale;  Newsom,  Tennessee. 

Eucalyptocrinus  magnus  Worthen 

Fig.  3.  One  of  the  largest  known  specimens  belonging  to  this  genus. 

Same  horizon  and  locality. 

Eucalyptocrinus  lindahli  Wachsmuth  and  Springer 

Fig.  4.  Complete  crown  of  typical  specimen,  showing  the  heavy,  rounded  arms,  and  partitions  sunken 
in  a deep  groove. 

5.  A smaller  specimen,  probably  of  this  species. 

Beech  River  formation ; Decatur  County,  Tennessee. 

Eucalyptocrinus  milliganae  Miller  and  Gurley 

Fig.  6.  A complete  crown  of  maximum  size,  with  stem;  partitions  widely  projecting  in  upper 
part,  and  arms  rapidly  tapering  upward. 

7,8.  Two  similar  crowns  showing  variation  in  shape  and  condition  of  partitions. 

Beech  River  formation ; Decatur  County,  Tennessee. 

Eucalyptocrinus  ventricosus  Wachsmuth  and  Springer 

Figs.  9,  10,  ii.  Dorsal  and  two  lateral  views  of  typical  specimens. 

12.  Perfect  crown,  with  nearly  complete  stem  attached. 

Beech  River  formation;  Decatur  County,  Tennessee. 

Eucalyptocrinus  sp 

Fig.  13.  Part  of  crown  with  broadly  rounded  calyx  of  very  tumid  plates. 

Beech  River  formation;  Decatur  County,  Tennessee. 
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PLATE  9 

(Figures  natural  size  unless  otherwise  stated) 

Eucalyptocrinus  pernodosus  new  species : 

Fig.  I.  Complete  crown  with  part  of  stem  attached,  with  extremely  nodose  plates,  and  heavy 
arms  between  the  partitions.  Nat.  size. 

2,  2a.  Lateral  and  dorsal  views  of  a highly  typical  calyx,  showing  the  very  large  radial  plates ; 
basals  concealed  in  cavity. 

3,3a.  Similar  views  of  a calyx  with  plates  less  prominently  projecting. 

4.  A smaller  calyx  with  low  convex  plates. 

Decatur  limestone;  quarries  above  Perryville,  Tennessee. 

Eucalyptocrinus  sculptilis  new  species ’ 

Fig.  5.  Complete  crown  with  stem,  showing  its  peculiar  bands.  Nat.  size. 

6.  Calyx  of  another  specimen  with  very  sharp  sculpture. 

6a.  Basal  view  of  same,  showing  4 BB  at  bottom  of  deep  cavity.  X 2. 

Decatur  limestone;  near  Perryville,  Tennessee. 

Eucalyptocrinus  sp 

Figs./.  7a.  Lateral  and  basal  views  of  perfectly  smooth  specimen,  with  narrow  base. 

. Decatur  limestone;  near  Perryville,  Tennessee. 

Callicrinus  beachleri  Wachsmuth  and  Springer 

Figs.8,  9,  10.  Lateral  views  of  three  calices  showing  the  short  partitions,  base  of  smooth  anal 
tube,  and  deep  sculpturing  of  calyx  plates. 

II,  12.  Dorsal  views  of  two  specimens  showing  the  4 very  small  BB  at  bottom  of  cavity,  large 
RR  occupying  about  the  entire  base  projecting  in  the  middle,  with  sharp  ridges  fol- 
lowing the  radial  series. 

13.  A detached  base,  showing  the  4 BB  at  bottom  of  cavity,  and  ornamentation  of  RR.  X 2. 
Laurel  limestone;  St.  Paul,  Indiana. 

Callicrinus  sp 

Fig.  14.  One  of  the  4 fan-shaped  summit  plates  surmounting  the  tube. 

14a.  Opposite  side  of  same,  with  some  matrix  attached,  showing  that  it  is  not  Petalocrinns. 

15.  A similar  smaller  plate. 

16.  An  elongate,  quadrant-shaped  plate  of  same  position. 

Laurel  limestone;  St.  Paul,  Indiana. 
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(Figures  natural  size  unless  otherwise  stated) 
Periechocrinus  tennesseensis  (Hall) 


PAGE 
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Fig.  I.  Lateral  view  of  calyx  of  typical  specimen  with  smooth  surface;  3 and  4 arms  to  the  ray. 

2.  Posterior  view  of  similar  specimen. 

3,  4.  Lateral  and  ventral  views  of  smaller  specimens,  showing  the  numerous  small  plates  of 

tegmen. 

Beech  River  formation;  Decatur  County,  Tennessee,  except  fig.  4,  which  is  from 
the  Louisville  limes.tone,  Jefferson  County,  Kentucky. 


Periechocrinus  sp 45 

Fig.  5.  A large  specimen  with  long  arms  and  sharp  ridges  following  the  radial  series;  calyx  partly 
broken  away. 

5a.  Opposite  view  of  same  with  more  of  calyx  shown. 

Beech  River  formation;  Decatur  County,  Tennessee. 


Saccocrinus  benedicti  S.  A.  Miller 46 

Figs. 6,  7,  8,  9.  Four  specimens  with  low  convex  plates;  r.  post.,  1.  post.  iR,  1.  ant.  R,  and  post,  views 
of  calyx ; all  with  10  arms. 

10,  II,  12.  Three  calices  with  nodose  plates;  r.  ant.,  1.  ant.,  and  basal  views. 

13.  Tegmen  of  specimen  with  strong  stellate  outline. 

14.  Specimen  with  sharp  stellate  ornam.ent,  perhaps  of  a different  species. 

Laurel  limestone;  St.  Paul,  Indiana. 

Saccocrinus  cuspidatus  new  species 46 

Fig.  15.  Calyx  of  very  large  specimen  with  plates  surmounted  by  sharp  cusps. 

Louisville  limestone;  Jefferson  County,  Kentucky. 


Aorocrinus  nodosiis  new  species 47 

Figs.  16,  i6a,  i6b.  Posterior,  dorsal  and  ventral  views  of  calyx,  with  strongly  nodose  plates,  show- 
ing anal  series  leading  to  opening  in  tegmen. 

Decatur  limestone;  below  Grandview,  Perry  County,  Tennessee. 


Aorocrinus  clarkensis  new  species 47 

Figs.  17,  17a.  Posterior  and  dorsal  views  of  calyx,  with  strongly  gibbous  plates,  3 small  BB,  and 
very  large  RR. 

Hamilton,  Middle  Devonian ; Clark  County,  Indiana. 
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Coccocrinus  rosaceus  Roemer 49,  Si 

Figs.  I,  \a,ib.  Lateral,  dorsal  and  ventral  views  of  calyx,  having  the  tegmen  covered  by  5 abutting 


2. 

orals,  with  narrow  grooves  for  ambulacra,  each  underlaid  by  an  interradial  “ suboral  ” 
plate. 

Oblique  view  of  another  specimen  with  larger  orals  and  more  open  grooves  than  the  pre- 
ceding. (See  Wachsmuth  and  Springer,  N.  A.  Crin.  Cam.,  pi.  3,  fig.  14.) 

Middle  Devonian;  Eifel,  Germany. 

Fig.  3- 

Culicocrinus  nodosus  Joh.  Muller 51 

Lateral  view  of  calyx  from  1.  post,  radius,  showing  long  narrow  iBr. 

3a.  The  tegmen  entirely  filled  by  orals  closely  interlocked,  without  marginal  grooves,  or  iAmb. 
After  Muller. 


Fig.  4. 

Lower  Devonian ; Grauwacke,  Coblentz,  Germany. 

Culicocrinus  spinosus  new  species 51 

Anterior  lateral  view  of  calyx  showing  iBr  plates  between  the  arm-bases. 

4a.  Posterior  view  of  same  enlarged,  showing  anal  opening  with  remnants  of  small  plates  cov- 
ering it.  X 2. 

4Z7.  Basal  view  of  same. 

4c.  Ventral  view  enlarged,  showing  5 large  orals  abutting  without  radial  grooves  between; 


Fig.  5- 
5a- 

they  follow  the  iBr  in  succession,  and  each  is  surmounted  by  a prominent  spiniferous 
node.  X 2. 

Beech  River  formation ; Decatur  County,  Tennessee. 

Myrtillocrinus  americanus  Hall 49 

Lateral  view  of  type.  After  Hall. 

Tegmen,  composed  entirely  of  5 large  abutting  orals.  For  comparison  of  tegmen  with 
preceding. 

Onondaga,  Middle  Devonian;  Livingston  County,  New  York. 

Lyonicrinus  bacca  (Roemer) 51 

Figs. 6,  7.  R.  ant.  and  ant.  views  of  calyx,  showing  two  IBr,  with  interambulacrals  rising  between 
them.  X 3/2. 


8. 

9- 

10. 

Dorsal  view  of  calyx,  with  small  column  facet ; small  basal  in  1.  post,  position.  X 3/2. 

Dorsal  view  of  another  specimen,  with  base  exceptionally  divided  into  5 plates.  X 3/2. 

Ventral  view  of  specimen  with  tegmen  partly  covered  by  4 large  interambulacral  plates 
not  in  contact,  but  separated  by  open  ambulacral  furrows  leading  from  the  arm- 
bases,  and  by  a large  open  space  in  the  middle,  beyond  which  at  the  posterior  side 
are  two  smaller  interambulacral  plates  flanking  the  anal  series  leading  to  an  opening 

II. 

through  the  tegmen.  X 3/2 

Similar  view  of  a specimen  with  some  side  pieces  of  ambulacra  remaining.  X 3/2. 

12, 13,  14, 15,  16,  17,  18.  A series  of  similar  tegminal  views  showing  the  same  structures  in 
various  positions.  X 3/2. 

19, 20.  Lateral  views  from  posterior  side,  showing  succession  of  anal  plates  flanked  by  the 
two  posterior  interambulacrals.  X 3/2. 

21,210.  L.  post,  and  opposite  views  of  .specimen  with  bases  of  arms  and  displaced  remnants  of 


22. 

tegmen  plates ; position  of  sm.all  basal  at  left  posterior  plainly  shown.  X 3/2. 

Oblique  view  of  calyx  with  uniserial  arms  attached,  two  to  the  ray;  r.  post,  side  up. 

X 3/2. 

23- 

Part  of  a set  of  arms  showing  nearly  their  full  length,  with  the  pinnules,  probably  two 
to  each  brachial.  X ,3/2. 

Beech  River  formation ; Decatur  County,  Tennessee. 

Platycrinidae  gen.  and  sp.  indet.  No.  i 51 

Figs. 24, 240, 24h.  Dorsal  cup  only,  with  massive  plates  and  large  BB  ; 3 views.  X 2. 
Beech  River  formation;  Decatur  County,  Tennessee. 
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Platycrinidae  gen.  and  sp.  indet.  No.  2 51 

Fig.  25.  Calyx,  with  large  interambulacral  plates  in  position.  X 3/2. 

Laurel  limestone;  St.  Paul,  Indiana. 

Platycrinidae  gen.  and  sp.  indet.  No.  3 52 

Figs.  26, 27,  28, 29.  Lateral,  dorsal  and  ventral  views  of  small  species  from  St.  Paul,  Indiana. 

Hapalocrinus  gracilis  new  species 52 

Fig.  30.  Complete  crown,  with  heavy  cuneate  arms  and  strong  pinnules.  X 2. 


31.  Another  specimen  with  part  of  arms  and  stem,  showing  high  interambulacral  tegmen 

plates.  X 2. 

32.  Small  specimen  with  arms  intact.  X 3/2. 

Beech  River  formation ; Decatur  County,  Tennessee. 
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Hapalocrinus  cirrifer  new  species 52 

Figs.  1, 2, 3, 4.  Four  specimens  with  long  and  narrow  arms,  profuse  pinnules,  and  long  cirri.  In 
fig.  4 the  arms  are  extremely  slender;  the  structure  of  the  calyx  is  obscure,  there 
being  an  abnormally  enlarged  anal  opening.  Figs,  i,  2,  4,  X 3/2;  fig.  3)  natural  size. 


Fig.  5. 


Hapalocrinus  pinnulatus  new  species 

Crown  with  strong  arms  and  pinnules,  but  much  smaller  and  more  conical  calyx  than  the 
preceding.  X 2. 


52 


Hapalocrinus  tuberculatus  new  species 53 

Fig.  6.  Crown  with  arms  and  pinnules  similar  to  the  preceding,  but  calyx  rotund  and  with  tubercu- 
lar surface.  X 2. 


Hapalocrinus  tenness'eensis  new  species 53 

Fig.  7.  Crown  much  displaced,  with  uniserial  arms,  quadrangular  brachials,  long  stem  and  cirri. 

X 3/2. 

Figs.  1-7.  Beech  River  formation;  Decatur  County,  Tennessee. 


Hapalocrinus  devonicus  new  species 53 

Fig.  8.  Crown  with  uniserial  arms,  3 in  some  rays,  quadrangular  brachials,  very  strong  stem  and 
cirri,  and  tubercular  surface. 

Helderbergian ; Keyser,  West  Virginia. 

Brahmacrinus  elongatus  new  species 53 

Two  calices  showing  brachial  series  of  first  two  orders  incorporated  in  calyx  by 
secundibrachs  in  two  ranges,  and  extremely  large  BB.  X 2. 

Two  detached  bases,  from  side  view.  X 2. 

15.  Three  bases  from  dorsal  side,  showing  3 equal  basals,  sharply  excavate  cavity,  and 
minute  axial  opening.  X 2. 

Laurel  limestone;  St.  Paul,  Indiana. 

Nyctocrinus  magnitubus  new  genus  and  species 54 

Figs.  16,  i6a.  Complete  crown  with  spiniferous  anal  tube  rising  above  the  branching,  biserial  arms; 

views  from  opposite  sides;  fig.  16  from  post,  interradius,  the  plate  being  somewhat 
larger  than  in  other  areas. 

17.  A similar  specimen,  from  r.  post,  radius. 

18.  i8a.  Opposite  views  of  a larger  crown,  showing  part  of  tube  at  the  top. 

19.  A smaller  specimen,  with  base  of  tube  exposed. 

20.  Dorsal  view  of  detached  calyx,  showing  broad,  shallow  basal  cavity,  with  5 IBB  at 

bottom. 

21.  Another  detached  base  seen  from  the  interior,  with  infrabasal  cone  plainly  shown. 

Beech  River  formation ; Decatur  County,  Tennessee. 


Figs.  9,  10. 
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(Figures  natural  size  unless  otherwise  stated) 

Marsipocrinus  rosaeformis  (Troost) 

Figs. I,  ia,ib,ic.  A typical  hemispheric  calyx,  with  surface  characters  finely  preserved:  i.  Lateral 
view,  showing  the  great  prominence  of  the  arched  tegmen  over  the  flat  dorsal  cup ; 
radial  facets  directed  below  the  horizontal,  iBr  heptagonal,  their  distal  margin  pro- 
jecting, with  a strong  lip,  and  corrugated,  id.  Dorsal  side,  with  extremely  sharp 
sculpturing  in  form  of  wrinkles  radiating  upon  the  plates  and  meeting  in  slightly 
raised  ridges  running  from  the  angles,  dividing  the  surface  into  triangles ; very  small 
axillary  IBr,  the  much  larger  IIBr  resting  on  distal  face  of  RR ; low  rim  around 
the  lumen,  ib.  Detail  of  these  structures  enlarged,  showing  more  fully  the  succession 
of  brachials  leading  to  the  biserial  arm.  X 2.  ir.  The  tegmen,  showing  complete  dis- 
tribution of  orals  and  other  plates  strongly  nodose;  iAmb  connecting  with  the  arched 
iBr  and  bearing  numerous  small  and  distinct  tubercles;  ambulacra  defined  but  not 
conspicuous. 

2,  2a,  2b,  2c.  Similar  views  of  a specimen  with  concavo-convex  calyx ; radial  facets  pointing 
strongly  downward;  surface  ornament  of  much  smaller  wrinkles.  2b  is  enlarged.  X 2. 

3'  30,  zb,  3c.  A smaller  specimen  with  more  granular  ornamentation ; similar  views,  zb 
enlarged.  X 2. 

4,  4a,  4b.  Similar  and  larger  specimen  with  highly  sculptured  tegmen  and  base  finely  granular. 

5,  su.  A specimen  of  this  type  with  more  convex  base  than  the  preceding ; iBr  extremely 

prominent. 

6,  6a,  6b.  Specimen  with  tegmen  strongly  nodose. 

7,  7a.  Specimen  with  tegmen  plates  more  angular  than  nodose. 

8,  8a.  A very  mature  specimen,  with  faint  granulose-striate  markings  on  dorsal  cup,  and  teg- 

men plates  profusely  covered  with  small  nodes;  ambulacra  inconspicuous. 

Beech  River  formation;  Decatur  County,  Tennessee. 
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Marsipocrinus  tennesseensis  (Roemer) 57 

(See  also  pi.  15,  figs.  9,  ga) 

Figs.  I,  la,  i&.  T3T3ical  specimen  with  biconvex  calyx,  radial  facets  directed  upward,  granular  sur- 
face on  cup,  tegmen  plates  rounded  or  angular ; ambulacra  well  defined. 

2,  2a,  2b.  Similar  specimen  with  tegmen  plates  partly  nodose.  Original  of  W.  and  Spr.  N.  A. 

Crin.  Cam.,  Ixx,  16. 

3,  Lateral  view,  for  profile,  of  strongly  convex  calyx. 

4,  Tegmen  with  nodose  plates,  intermediate  from  preceding  species. 

5,  50.  Large  specimen  with  massive  convex  tegmen  plates  and  prominent  ambulacra. 

6,  6cr.  Profile  and  tegminal  view  of  maximum  specimen  with  angular  plates. 

Beech  River  formation;  Decatur  County,  Tennessee. 

Marsipocrinus  striatus  Wachsmuth  and  Springer 58 

Figs. 7,  7a,  yb,  7c.  Lateral,  dorsal  and  ventral  views  of  specimen  with  biconvex  calyx,  striate  orna- 
ment on  dorsal  cup,  tegmen  plates  low  convex  and  smooth,  ambulacra  very  distinct; 

7c,  detail  of  surface  of  cup  enlarged.  X 2. 

8,  8a,  Sb.  Similar  views  of  specimen  with  stronger  striae. 

9,  9a.  Lateral  and  ventral  views  of  well  marked  specimen ; gb,  oblique  view  of  cup,  showing- 

very  fine  striation,  enlarged  X 2. 

10,  loa.  Lateral  and  dorsal  view,  enlarged  X 2,  of  specimen  with  coarser  striae. 

11,  iia.  Abnormal  specimen,  with  2 rays  malformed. 

12, 13.  Two  fragments  showing  detail  of  striation  on  dorsal  cup,  enlarged  X 2. 

Beech  River  formation;  Decatur  County,  Tennessee. 
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(Figures  natural  size  unless  otherwise  stated) 

Marsipocrinus  inflatus  (Troost) 

Figs.  I,  la,  ih.  Lateral,  dorsal  and  ventral  views  of  characteristic  calyx,  with  rather  smooth  teg- 
men,  high  conical  and  laterally  constricted;  dorsal  surface  elaborately  sculptured; 
basal  pentagon  very  large,  slightly  concave,  and  notched  at  the  interbasal  sutures;  iBr 
not  projecting,  but  bent  over  into  the  tegmen. 

2, 2a,  2b.  Similar  views  of  specimen  with  tegmen  plates  tubercular  and  better  defined. 

3-  Specimen  with  typical  contour;  tegmen  profusely  covered  with  small  tubercles. 

4,  Ad,  5,  5a,  Sb,  6,  6a.  A series  of  dorsal  cups,  showing  large  size  of  basal  pentagon. 

7,  ya.  A similar  specimen,  original  of  Wachsm.uth  and  Springer,  N.  A.  Crin.  Cam.,  pi.  75, 

fig.  17. 

8.  Detail  of  tegmen  of  broken  specimen,  enlarged,  showing  course  of  ambulacra  leading  to 

the  interbrachial  pinnules.  Reproduced  from  paper  on  Scyphocrinus,  1917,  pi.  9,  fig.  6, 
as  M.  striatus?  X 2. 

From  limestone  beds  top  of  Beech  River  formation;  Decatur  County,  Tennessee. 

Marsipocrinus  rosaeformis  (Troost) 

Fig.  9.  Ventral  side  of  an  imbedded  specimen,  with  bases  of  arms  perfectly  preserved,  and  pin- 
nules springing  both  from  the  arms  and  interbrachial  margins  as  continuations  of 
tegminal  ambulacra.  Posterior  is  at  upper  right. 

9a.  Detail  from  posterior  margin  of  same,  enlarged  X 3,  showing  course  of  ambulacra  lead- 
ing to  interbrachial  pinnules.  From  Scyphocrinus,  igij,  pi.  9,  figs.  5a,  b;  Dolatocrinus, 
1921,  pi.  2,  figs.  5,  6,  as  M.  tennesseensis. 

Beech  River  formation;  Decatur  County,  Tennessee. 
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(Figures  natural  size  unless  otherwise  stated) 

Marsipocrinus  verneuili  (Troost) 59 

Figs.  I,  la,  Typical  specimen  with  striate  wrinkles,  with  shallow  depression  almost  full  width 
of  pentagon,  bordered  by  sharp  rim:  lateral,  dorsal  and  ventral  views. 

1C.  Oblique  view  of  calyx,  enlarged,  showing  surface  ornament  in  greater  detail.  X 2. 

2,  2a.  Lateral  and  dorsal  views  of  specimen  with  striate  ornamentation. 

2b.  Tegmen  of  same  enlarged,  with  relatively  few  and  large  plates.  X 2. 

3.  Crown  of  small  specimen  with  strong  rugose  ornamentation,  and  broad,  shallow,  de- 

pressed base;  form  and  proportions  of  arms  well  shown. 

3a.  More  direct  view  of  calyx  of  same,  enlarged,  showing  sculpturing  in  greater  detail.  X 2. 

4.  Larger  specimen  with  arms  and  pinnules. 

5,  sa.  Specimen  with  striate  wrinkles,  bases  of  arms  coalesced,  interradial  spaces  depressed. 


producing  stellate  outline ; basal  depression  narrow.  Dorsal  and  ventral  views. 

6.  Similar  specimen  with  arms  partly  preserved;  basal  depression  narrow. 

Marsipocrinus  excavatus  new  species 60 

Figs. 7,  7a, 7&.  Lateral,  dorsal  and  ventral  views  of  the  only  specimen;  base  abruptly  depressed. 

Marsipocrinus  concavus  new  species 60 


Fig.  8.  Dorsal  cup  only;  small  base  at  bottom  of  a broad  and  deep  concavity  into  which  the 
radials  extend  far  down  to  narrow  faces;  strongly  wrinkled  ornament.  By  oversight 
posed  with  small  B at  upper  right.  X 2. 

All  Beech  River  formation.  Decatur  County,  Tennessee. 
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(Figures  natural  size  unless  otherwise  stated)  page 

Marsipocrinus  stellatus  (Troost) 6o 

Figs. I,  la,  ih.  Lateral,  dorsal  and  ventral  views  of  specimen  with  dorsal  surface  perfectly  smooth; 

numerous  large  plates  in  tegmen  shown,  but  ambulacra  much  eroded ; basal  depres- 
sion around  facet  small. 

2, 2a,  2b.  Similar  views  of  specimen  with  prominent  ambulacra  well  defined;  2a  and  2b  en- 
larged X2. 

3,3a.  Lateral  and  ventral  views  of  specimen  with  ambulacra  still  better  defined;  3a  enlarged 

X2. 

4,  5,  6,  7.  Specimens  with  arms  and  stem  more  or  less  completely  preserved. 

8,9,10.  Tegmens  in  different  conditions  of  preservation;  fig.  10  may  not  belong  here,  dorsal 
side  not  being  exposed.  X 2. 

Beech  River  formation;  Decatur  County,  Tennessee. 

Marsipocrinus  turbinatus  new  species 62 

Figs.  II,  12,  13.  Fragmentary  bases  from  St.  Paul,  Indiana. 

14.  Lateral  view  of  basals,  showing  extremely  turbinate  form. 

Laurel  limestone;  St.  Paul,  Indiana. 
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Marsipocrinus 

Figs,  i,  la.  Dorsal  and  ventral  views  of  a typical  specimen,  large  and  with  very  thin  plates,  more  or 
less  displaced  by  pressure ; dorsal  surface  marked  by  extremely  fine  striae,  and  tegmen 
by  numerous  small  tubercles. 

2.  Dorsal  side  of  similar  specimen  not  distorted,  and  with  striae  more  distinct. 

3.  Specimen  with  arms  and  part  of  stem ; striae  indistinct. 

4.  5.  Two  detached  basal  pentagons  (as  usually  found)  seen  from  the  inner  side,  showing 

varying  form  of  lumen. 

6,  6a,  6b.  Lateral,  dorsal  and  ventral  views  of  a well  preserved  dorsal  cup  of  stronger  con- 

struction than  the  preceding,  and  with  striate  marking  remarkably  distinct. 

7,  7a.  Lateral  and  ventral  views  of  a very  robust  specimen  having  the  surface  covered  with 

small  tubercles.  Not  of  this  species,  but  probably  a variant  of  M.  tennesseensis. 

Beech  River  formation;  Decatur  County,  Tennessee. 
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striatissimus  new  species 61 
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(Figures  natural  size  unless  otherwise  stated) 

Marsipocrinus  magnificus  (Troost) 

Figs.  I.  la,  i&.  Lateral,  dorsal  and  ventral  views  of  type  in  Troost  collection,  U.  S.  National  Mu- 
seum ; dorsal  cup  highly  sculptured  with  coarse  rugae  and  prominent  ridges ; tegmen 
plates  large  and  nodose ; 4 arms  to  the  ray. 

Beech  River  formation;  Decatur  County,  Tennessee. 

Marsipocrinus  coelatus  (Phillips) 

Fig.  2.  Dorsal  view  of  large  specimen  with  outstretched  arms,  4 to  the  ray. 

3.  3a.  Specimen  with  arms  nearly  complete,  and  part  of  stem. 

4.  Small  specimen  showing  contour  of  calyx,  and  typical  surface  ornament ; lateral  view. 

5.  Lateral  view  of  similar  specimen  with  part  of  arms  attached. 

6.  A very  young  specimen,  with  intense  surface  marking : gastropod  seated  over  anus. 

6a.  Basal  view  of  same  enlarged,  showing  sharp  wrinkles  vertical  to  the  sutures.  X 2. 

7.  A cluster  of  9 stems  springing  from  a common  base  on  rock  or  coral,  4 with  crown  at- 

tached ; reduced  to  1/3. 

Wenlockian,  Silurian;  Dudley,  England. 
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(Figures  natural  size  unless  otherwise  stated) 
Lecanocrinus  pusillus  Hall 


PAGE 

. 65 


Figs.  i,  ia.  Posterior  and  basal  views  of  calyx,  showing  radianal  in  oblique  position,  and  projecting 
anal.  X 2. 

2.  Dorsal  view  of  specimen  with  abnormal  base.  X 2. 

3.  Ventral  view  showing  distal  faces  of  RR,  and  great  thickness  of  plates.  X 2. 

4.  Specimen  with  very  acuminate  anal,  with  part  of  rays  in  place.  X 2. 

5.  Complete  crown  with  part  of  stem.  Coll.  New  York  State  Museum. 

Waldron  shale;  Waldron,  Indiana. 


Lecanocrinus  pisiformis  (Roemer) 65 

Figs.  6,  6a,  6b.  Anterior,  posterior  and  distal  views  of  complete  crown,  showing  oblique  RA,  and 
rapid  taper  of  infolding  arms.  X 2. 

7.  Another  complete  crown.  X 2. 

8,  9.  Dorsal  views  of  two  specimens,  showing  IBB,  BB,  and  RA  plates.  X 2. 

10,  II.  Posterior  views  of  two  smaller  specimens  with  smaller  RA  than  usual.  X 2. 

12.  Distal  face  of  RR,  showing  comparative  thinness  of  calyx  wall.  X 2. 

Beech  River  formation;  Decatur  County,  Tennessee.  , 

Lecanocrinus  elongatus  new  species 65 

Fig.  13.  Anterior  view  of  complete  crown.  X 2. 

14.  Posterior  view  of  another  specimen.  X 2. 

Laurel  limestone;  St.  Paul,  Indiana. 

Lecanocrinus  meniscus  Springer 65 

Figs.  15, 15a,  15b.  Anterior,  posterior  and  basal  views  of  the  type  anl  only  specimen.  X 2. 


Beech  River  formation;  Decatur  County,  Tennessee. 

Anisocrinus  greenei  (Miller  and  Gurley) 66 

Fig.  16.  A much  distorted  specimen.  Same  horizon  and  locality  as  last. 

17.  The  type,  from  Jefferson  County,  Kentucky. 

Anisocrinus  oswegoensis  (Miller  and  Gurley) 66 

Fig.  18.  The  type,  from  Oswego,  Illinois. 

Anisocrinus  angelini  Wachsmuth  and  Springer 66 

Fig.  19.  The  type,  from  Gotland,  Sweden. 

Asaphocrinus  bassleri  Springer 66 


F1GS.20,  2oa.  Complete  crown.  Anterior  and  posterior  views  of  principal  type,  showing  arrange- 
ment of  arms,  anal  plates,  and  massive  tube  with  plates  flanking  it- 
21.  Oblique  view  of  specimen  showing  the  base. 

Beech  River  formation;  Decatur  County,  Tennessee. 

(?)  Asaphocrinus  minor  new  species 67 

Fig.  22.  Small  specimen,  with  base  lacking,  perhaps  of  this  genus.  X 3/2. 

Laurel  limestone;  St.  Paul,  Indiana. 

All  figures  on  this  plate,  except  13,  14  and  22,  are  taken  from  the  author’s  work  on 
the  Crinoidea  Flexibiha,  1920. 
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(Figures  natural  size  unless  otherwise  noted) 

Pycnosaccus  patei  Springer 

Fig.  I.  Complete  crown  with  part  of  stem;  r.  ant.  view. 

la.  Posterior  view  of  same,  showing  anal  and  radianal  plates.  RA  in  oblique  position. 

lb.  An  interradius,  filled  by  an  integument  of  small  plates.'  X 2. 

2.  Another  crown,  showing  arms  more  fully,  and  the  interradial  integument. 

2a.  The  integument  enlarged.  X 2. 

3.  3a.  Anterior  and  dorsal  views  of  specimen  with  very  sharp  ridges. 

4.  'Very  large  crown,  with  distal  ends  of  arms  curving  down  into  the  interradial  spaces. 

Beech  River  formation;  Decatur  County,  Tennessee. 


P.\GE 

. 67 


Pycnosaccus  welleri  Springer 67 

Fig.  5.  Flattened  crown  with  long  stem;  anterior  view;  has  3 and  4 IBr. 

5a,  sb.  L.  post,  view  of  crown  of  same,  and  restoration  in  outline  of  natural  contour. 

6.  Crown  with  part  of  stem,  ant.  view. 

6a,  6b.  Posterior  and  basal  views  of  same. 

7.  Larger  crown,  flattened,  with  stem ; a small  calyx  and  long  arms,  2 and  3 IBB. 

Beech  River  formation;  Decatur  County,  Tennessee. 


Pycnosaccus  laurelianus  new  species 67 

Figs.  8,  8a.  Anterior  and  posterior  views  of  complete  crown.  X 2. 

Laurel  limestone;  St.  Paul,  Indiana. 

( ?)Pycnosaccus  dubius  Springer 68 

Crown  with  plates  displaced,  and  complete  stem  tapering  to  very  long  and  slender 
columnals. 

Probable  arrangement  of  calyx  plates. 

Beech  River  formation;  Decatur  County,  Tennessee. 

Clidochirus  americanus  Springer 69 

Figs.  10,  loa.  Anterior  and  posterior  views  of  crown,  showing  small  RA  at  foot  of  r.  post.  ray. 

II.  Another  specimen  with  long  stem;  r.  post,  view,  showing  same  small  RA. 

Clinton  group;  Dayton,  Ohio. 

.'Ml  figures  on  this  plate,  except  8 and  8a,  are  taken  from  the  author’s  work  on  the 
Crinoidea  Flexibilia,  1920. 
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(Figures  natural  size  unless  otherwise  stated) 

Hormocrinus  tennesseensis  (Worthen) 66 

Fig.  I.  Complete  crown,  with  tapering  stem  formed  of  bead-like  columnals,  preserved  for  full 
length  down  to  fine  distal  end. 

2.  Crown  of  small  specimen,  showing  full  contour  with  infolding  arms. 

2a.  Dorsal  view  of  same  enlarged,  showing  base  and  arrangement  of  plates ; no  RA.  X 2. 

2b.  Ventral  view  of  same.  X 2. 

3.  3a.  L.  ant.  and  r.  post,  views  of  another  complete  crown. 

zb.  L.  ant.  view  of  same  enlarged,  showing  full  details  of  arms  with  slender  distal  ends 
curving  down  into  the  interradial  spaces.  X 2. 

Beech  River  formation;  Decatur  County,  Tennessee. 


Sagenocrinus  clarki  Springer 68 

Fig.  4.  The  type.  Flattened  crown  with  stem  as  it  lies  in  the  rock;  calyx  plates  much  displaced. 

4a.  Restoration  from  accurate  measurements  showing  exact  relation  of  plates;  RA  touching 
IBB. 

Beech  River  formation;  Decatur  County,  Tennessee. 


Sagenocrinus  americanus  Springer 68 

Fig.  5.  Posterior  view  of  t3rpe ; RA  not  touching  IBB. 

Waldron  shale;  Waldron,  Indiana. 


Protaxocrinus  robustus  Springer 7o 

Figs.  6,  7.  Anterior  and  posterior  views  of  types,  showing  small  plates  in  interradial  areas  RA  in 
primitive  position  at  base  of  r.  post,  ray,  and  large  anal  tube  following. 

Beech  River  formation;  Decatur  County,  Tennessee. 

Gnorimocrinus  cirrifer  Springer 7o 

Fig.  8.  Complete  crown,  flattened,  with  long  stem  showing  whorls  of  cirri;  anterior  view. 

g.  Anterior  view  of  another  perfect  crown,  showing  large  anal  tube,  with  RA  in  oblique  posi- 

tion at  its  base. 

10.  Dorsal  view  of  smaller  specimen,  showing  IBB  and  related  plates.  X 2. 

Beech  River  formation ; Decatur  County,  Tennessee. 

Gnorimocrinus  varians  Springer 70 

Figs.  II,  iia.  Two  views  of  specimen  with  strong  anal  tube. 

Beech  River  formation ; Decatur  County,  Tennessee. 

Ichthyocrinus  subangularis  Hall 69 

Fig.  12.  R.  post,  interradial  view  of  crown,  showing  RA  in  primitive  position  at  base  of  r.  post.  ray. 

13.  Oblique  view  of  another  specimen,  showing  base  with  IBB,  and  small  size  of  RA  com- 

pared with  RR  in  other  rays. 

Waldron  shale;  Waldron,  Indiana. 

All  figures  on  this  plate  are  taken  from  the  author’s  work  on  the  Crinoidea  Flexi- 
bilia,  1920. 
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(All  figures  double  size  unless  otherwise  stated) 

Pisocrinus  gemmiformis  S.  A.  Miller 

Fig.  I.  A characteristic  specimen,  with  short  arms  complete ; 1.  post.  view. 

2,  3.  Calyx  of  mature  specimens,  radianal  and  ant.  views.  Note  the  wide  facets,  low  rectan- 
gular processes,  convex  base  with  small  indented  cavity  for  column  facet. 

4,  4a.  Basal  and  ventral  views  of  similar  specimen. 

4h,4c.  Details  of  radial  facet  of  same,  seen  from  side  and  above.  X 8. 

5,  5a.  Radianal  and  ventral  views  of  average  specimen. 

6, 6a.  Similar  views  of  smaller  specimen. 

7,  7a.  Basal  and  ventral  views  of  minimum  specimen. 

8.  Ventral  view  of  small  specimen,  with  oral  plates  and  first  arm  brachials  in  place;  photo- 

graph unretouched. 

8a.  The  same  further  enlarged,  with  structures  brought  out  plainer  by  the  artist.  X 4- 
All  from  Laurel  formation ; St.  Paul,  Indiana. 

Pisocrinus  baccula  S.  A.  Miller 

Fig.  g.  Mature  specimen  with  arms  complete,  ant.  view. 

10,  loa.  L.  ant.  and  basal  views  of  mature  calyx. 

11,  iia,  iib.  Radianal,  basal  and  ventral  views  of  large  specimen. 

lie,  iid.  Details  of  radial  facet  and  processes  of  same,  seen  from  side  and  above.  X 8.  Note 
smaller  facets,  large  lance-head  processes,  broad,  concave  base  and  cavity. 

12,  I2a,  13.  Ant.  and  ventral  views  of  sim.ilar  mature  specimens. 

14,  140, 14b.  Post.,  basal  and  ventral  views  of  smaller  specimen. 

15. 15a,  isb.  L.  ant.,  basal  and  ventral  views  of  minimum  specimen. 

Laurel  formation ; St.  Paul,  Indiana. 

Pisocrinus  quinquelobus  Bather 

Fig.  16.  A typical  specimen,  with  complete  arms,  and  long  stem;  1.  post.  view. 

17, 18,  19.  L.  ant.,  r.  ant.  and  r.  post,  views  of  a series  of  nearly  complete  crowns,  showing  the 
general  character  of  arms,  facets  and  processes. 

20.  One  of  the  types  of  P.  milliganae  M.  and  G.,  r.  post.  view. 

21,  22,  22a,  22b.  L.  post.,  1.  ant.,  dorsal  and  ventral  views  of  calyx  of  mature  specimens. 

22c, 22d.  Details  of  radial  facets  and  processes.  X 4-  Note  the  relatively  small  facets,  large 
processes,  truncate  base,  minute  basals  hidden  in  deeply  indented  cavity — all  with  the 
strongly  lobate  form. 

23.  Ant.  view  of  mature  specimen  with  unusually  wide  facets. 

24, 24a,  24h.  R.  ant.,  dorsal  and  ventral  views  of  mature  specimens. 

25.  Dorsal  view  of  smaller  specimen. 

26,  26a.  R.  post,  and  ventral  views  of  very  small  specimen. 

27,28.  Post,  and  ventral  views  of  large  specimen  from  Jack’s  Branch,  Perry  County,  Ten- 
nessee, probably  Lobelville  formation. 

29.  A calyx  vertically  fractured,  showing  in  section  the  size  of  the  minute  basals. 

All  except  Nos.  27,  28  from  Beech  River  formation;  Decatur  County,  Tennessee. 

Pisocrinus  sphericus  Rowley 

Fig.  30.  Complete  crown,  with  very  short  arms.  Decatur  County. 

31,31a,  3ih.  Ant.,  dorsal,  and  ventral  views  of  mature  calyx  from  Rise  Mill. 

32,33.  L.  post,  and  ventral  views  of  similar  specimens,  from  Rise  Mill. 

34,  34a,  Similar  specimen.  R.  ant.  and  ventral  views,  from  Rise  Mill. 

35. 35®-  Radianal  and  dorsal  views  of  specimen  from  Flatwoods. 

36.  Smaller  specimen,  but  with  perfectly  round  calyx.  Flatwoods. 

Top  of  Beech  River;  Ri.se  Mill,  Perry  County;  also  Decatur  and  Wayne  counties, 
Tennessee. 

Pisocrinus  granulosus  Rowley 

F1GS.37,  38.  Ant.  and  ventral  views  of  large  calyx,  with  tubercular  surface. 

39,  39a.  R.  post,  and  basal  views  of  smaller  specimen.  Note  the  good-sized  basals  combined 
with  the  rounded  form  and  other  characters  like  the  preceding  species. 

In  red  shales,  Dixon,  below  Beech  River  formation ; Decatur  County,  Tennessee. 
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Pisocrinus  gorbyi  S.  A.  Miller 

Figs. 40,  40a.  Lobed  and  tubercular  specimen,  ant.  and  ventral  views. 

41,  41a,  42.  R.  ant.,  ventral  and  basal  views  of  similar  specimens. 

Lobelville  formation,  above  Beech  River,  Flatwoods,  Tennessee. 

43,44,45.  Ventral  views  of  non-tubercular  specimens  from  Rise  Mill,  Perry  County,  Ten- 
nessee. 

Pisocrinus  

Fig.  46.  Generic  diagram. 
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Pisocrinus  tennesseensis  (Roemer) 

Figs.  I,  la,  ih.  Calyx  of  characteristic  and  very  mature  specimens;  ant.  and  ventral  views. 

2, 2a.  R.  ant.  and  ventral  views  of  similar  specimen. 

2h,  2c.  Details  of  radial  facet  and  processes  of  same.  X 4- 

3,  3n.  Radianal  and  ventral  views  of  smaller  specimen.  Note  the  very  wide  facets  and  dove- 
tailed processes  in  all  these ; with  basals  limited  to  the  column  facet. 

4, 4a.  L.  post,  and  ventral  views  of  smaller  specimen,  from  Martin’s  Mill,  Wayne  County, 
Tennessee. 

5.  Post,  view  of  very  mature  specimen  with  unusual  raised  border  of  radials. 

Beech  River  formation ; all  except  No.  4 from  Decatur  County,  Tennessee. 


Pisocrinus  campana  S.  A.  Miller 

Figs.6,  7,  8.  A series  of  crowns  with  very  long  arms,  round  calyx  and  high  base,  in  contrast  to 
P.  quinqiielobus.  Fig.  8 shows  ventral  side  of  arms,  with  sockets  of  side-pieces  of 
ambulacra. 

9.  A set  of  long  arms,  with  ventral  furrow  and  traces  of  side-pieces,  detached  just  above 

the  calyx  at  the  sutures,  showing  some  of  the  brachial  articulations. 

9a.  Transverse  view  of  proximal  articular  face  of  the  arms,  further  enlarged;  section  of 
anal  tube  plainly  seen  in  the  middle.  X 4; 

10.  Dorsal  view  of  calyx  from  Rise  Mill,  Perry  County,  Tennessee,  showing  large  base  with 

abruptly  indented  column  facet. 

11.  iia.  R.  ant.  and  ventral  views  of  an  average  calyx  with  wide  facets  and  nearly  rectangular 

processes,  tending  to  expand  slightly  inward ; same  locality  as  last. 
lib,  lie.  Details  of  radial  facets  and  processes  of  same,  seen  from  side  and  above.  X 6. 

12, 12a,  12b.  Ant.,  dorsal  and  ventral  viev/s  of  more  elongate  specimen ; same  locality. 

13,  14.  L.  ant.  and  ventral  views  of  two  other  specimens  from  same  locality. 

15.  R.  ant.  view  of  similar  specimen  from  Martin’s  Mill,  Wayne  County,  Tennessee. 

16,  i6a,  17.  L.  ant.,  ventral  and  ant.  views  of  somewhat  more  globose  specimens  from  Flat- 

woods,  Tennessee. 

18.  A much  larger  specimen,  radianal  view,  from  Sinking  Creek,  Wayne  County,  Tennessee. 

19.  Elongate  specimen  from  Decatur  County,  Tennessee,  ant.  view. 

20.  Complete  crown  of  elongate  specimen,  with  very  long  arms  and  part  of  stem;  1.  ant.  view. 
21, 2ia.  Extremely  elongate  form,  r.  ant.  and  ventral  views;  both  the  last  from  Decatur 

County,  Tennessee. 

22, 22a,  23.  Specimens  from  the  typical  area  at  Anderson,  Marion  Co.,  Indiana,  about  the 
usual  size;  r.  ant.  dorsal  and  post,  views. 

24, 25, 26.  Three  abnormal  specimens  from  the  type  locality  at  Wabash,  Indiana ; small  RR 
connecting  with  BB ; 1.  ant.,  r.  post,  and  1.  ant.  views. 

27.  The  type  specimen  from  Wabash,  Indiana,  formerly  in  the  collection  of  A.  C.  Benedict; 
larger  than  average  from  typical  area. 

All  from  Beech  River  formation,  except  Nos.  22  to  27,  which  are  from  the 
Niagaran  of  Northern  Indiana. 


Pisocrinus  benedicti  S.  A.  Miller f 

Figs. 28, 29.  Low  and  elongate  forms  from  Anderson,  Indiana,  with  angular  processes;  r.  post, 

and  ant.  views. 

30,30a.  Large  specimen  from  St.  Paul,  Indiana;  radianal  and  ventral  views. 

31.  Low  specimen  from  Decatur  County,  Tennessee. 

32.  32a,  32b.  Large  oblate  form  from  Perry  County,  Tennessee;  radianal,  dorsal  and  ventral 

views. 

33.  Similar  form  with  long  arms,  incomplete,  from  same  locality. 

34,34a.  Smaller  low,  rounded  form  from  Decatur  County,  1.  ant.  and  dorsal  views. 

35,36.  L.  ant.  and  ventral  views  of  similar  specimens  from  Flatwoods,  Wayne  County, 

Tennessee. 

Laurel  and  Racine  formations,  Indiana;  Brownsport,  Tennessee. 
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Pisocrinus  pyriformis  Ringueberg 8o 

Fig.  37.  The  type,  formerly  in  the  collection  of  Dr.  Ringueberg;  1.  ant.  view.  Inserted  for  com- 
parison with  P.  campana. 

Clinton  formation;  Lockport,  New  York. 

Pisocrinus  globosus  Ringueberg 80 

Fig.  38.  The  type.  Ant.  view,  for  comparison  with  P.  benedicti. 

Same  horizon  and  locality. 
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(Foreign  species  introduced  for  comparison) 

Pisocrinus  pilula  DeKoninck 8o 

Fig.  I.  Complete  crown  with  stem,  showing  the  extremely  long  arms.  After  Bather.  Gotland. 

2,  2a,  2b.  Conical  specimen  from  Gotland ; radianal,  basal  and  ventral  views. 

3&-  A maximum  high  specimen  from  Dudley,  England;  ant.,  basal  and  ventral  views. 

4,  4a,  4b.  A smaller,  more  globose  specimen  from  Dudley;  1.  ant.,  1.  post,  and  ventral  views; 

processes  tending  to  lance-head  form. 

5,  5u,  Sh.  A more  depressed  form  from  Dudley;  r.  post.,  basal  and  ventral  views. 

6,  A typical  form  with  almost  complete  stem ; first  brachials  in  place  enclosing  the  orals ; 

ant.  view.  Dudley. 

6a.  Ventral  view  of  same  showing  the  5 orals,  slightly  fractured  at  the  center.  X 8. 

6.t'.  Ventral  view  of  an  average  specimen  from  Gotland.  After  Bather. 

Wenlockian,  Silurian ; Gotland  and  England. 

Pisocrinus  ollula  Angelin 8o 

Fig.  /.  L.  ant.  view  of  specimen  from  Gotland.  .After  Bather. 

8.  Specimen  from  Gotland,  showing  BB  limited  to  column  facet.  After  Bather. 
g.  Ventral  view  of  specimen  showing  wide  facets,  and  processes  widening  inward.  Gotland. 

After  Bather  from  Angelin. 

10.  Basal  view  of  another  specimen  from  Gotland,  with  extremely  small  BB  at  bottom  of 
deep  cavity  and  tendency  to  pentagonal  outline ; for  comparison  ivith  P.  quinquelobus. 


Pisocrinus  pocillum  Angelin 8o 

Figs. II,  iia.  The  type,  from  Gotland,  post,  and  1.  ant.  views.  After  Bather  from  Angelin. 

Pisocrinus  sp 8o 


Figs.  12, 12a.  Abnormal  specimen  from  Dudley,  with  processes  bordered  by  a raised  rim,  and  of  a 
very  different  shape  from  those  of  other  forms ; lateral  and  ventral  views. 

Pisocrinus  sp 8o 

Figs.  13.  13a.  A very  small  specimen  from  Gotland,  having  the  form  and  structure  of  P.  gem- 
miformis. 

13^,  I3<^.  Details  of  radial  facets  and  processes  of  same.  X 8. 

14.  A larger  specimen  of  similar  form  from  Dudley,  England. 

All  from  the  Wenlockian  formation,  Silurian. 

All  the  specimens  except  those  of  figs,  i,  7,  8,  9,  ii,  are  in  the  author’s  collection, 

U.  S.  National  Museum. 

e Triacrinus  altus  (Muller) 74 

Figs.  15, 15a,  i5h.  Characteristic  specimen  from  the  Middle  Devonian,  Eifel,  Germany;  r.  post., 
dorsal  and  ventral  views.  Note  the  3 BB,  and  facets  and  processes  like  P.  tennes- 
scensis. 

Triacrinus  depressus  (Muller) 74 

Figs.  16,  1 6a,  i6b.  L.  ant.  dorsal  and  ventral  views  of  a typical  specimen  with  3 BB.  Note  the 
wholly  different  form  of  processes. 

17,  17a,  17b.  Ant.,  dorsal  and  ventral  views  of  specimen  with  4 BB. 

18,  i8a,  J8b.  Similar  views  of  specimen  with  5 BB. 

Middle  Devonian;  Eifel,  Germany. 
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Zophocrinus  howardi  S.  A.  Miller 82 

Figs.  19,  20.  Posterior  and  anterior  views  of  two  specimens  with  the  marginal  ring  of  brachials  and 
orals  in  place.  X 4- 

21.  Ventral  view  of  another  specimen  in  which  the  spade-shaped  oral  plates  are  very  dis- 

tinct, but  somewhat  frayed  and  displaced  by  pressure.  X 4- 
2ia.  The  same  tegmen  further  enlarged,  showing  fossae  on  articulating  face  of  some  brachials. 

X8. 

22.  Complete  view  of  tegmen,  composed  from  two  other  specimens.  Shows  the  4 radii,  and 

division  of  tegmen  into  S oral  plates  interlocking  at  the  center,  and  extending  to  the 
periphery,  with  marginal  plates  between  in  5 groups  of  3 each.  X 6. 

23.  Base  of  another  specimen,  showing  3 unequal  plates. 

24.  Calyx  of  a maximum  specimen. 

25.  Specimen  from  Greenburg,  Indiana. 

26.  Specimen  from  Flatwoods,  Tennessee. 

Laurel  formation,  Niagaran;  all  from  St.  Paul,  Indiana,  except  Nos.  25  and  26. 

Tiaracrinus  quadrifrons  Schultze 81 

Fig.  27.  Post,  view  of  type,  with  the  numerous  marginal  brachials  bordering  the  tegmen  in  place, 
showing  the  same  essential  structures  as  Zophocrinus,  but  with  a minute  base. 

27a,  Basal  view  of  same,  showing  the  4 unequal  radii,  and  3 minute  BB. 

27b.  The  same  view,  further  enlarged.  X 6. 

27c.  The  tegmen.  Five  interlocking  oral  plates  meeting  in  the  center,  with  narrower  exten- 
sions to  the  outer  margin,  and  some  smaller  plates  inserted  at  the  exterior  angles ; the 
posterior  oral  wedged  in  between  the  other  4.  Surrounding  these  is  the  border  of 
narrow  marginal  brachials  in  5 groups  of  ii  or  12  each,  instead  of  3 as  in  Zopho- 
crinus, separated  by  the  extensions  from  the  oral  plates.  X 4- 
Middle  Devonian;  Eifel,  Germany. 


Haplocrinus  mespiliformis  (Goldfuss)  50,81 

Fig.  28.  Ventral  view  of  specimen  showing  the  interlocking  orals  and  radial  grooves  for  the 
reception  of  the  arms,  as  usually  seen.  X S- 

29.  A specimen  with  arms  preserved  to  3 brachials  fitting  closely  in  the  grooves  between  the 
orals.  X 5- 

29a.  Ventral  view  of  same,  showing  the  open  grooves  in  2 radii.  X 5-  Figured  here  for 


comparison. 

Middle  Devonian; 


Eifel,  Germany. 
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Mysticocrinus  wilsoni  Springer 84 

Figs.  la-f.  Seven  enlarged  photographic  views  of  the  type  specimen,  with  the  very  short  arms  pre- 
served in  3 rays  folding  closely  over  the  tegmen,  showing  the  acuminate  anal  plate 
and  the  arrow-head  processes  between  the  arm-bases:  i,  left  anterior;  la,  left  pos- 
terior; ib,  posterior;  ic,  right  posterior,  showing  the  radianal;  id,  anterior;  le, 
dorsal,  showing  the  3 BB ; if,  ventral,  showing  infolding  of  the  arms.  All  X 4 

ig.  Diagram  showing  distribution  of  all  the  plates;  missing  brachials  indicated  by  diagonal 
hachure. 

Laurel  limestone;  St.  Paul,  Indiana. 

Thalamocrinus  ovatus  Miller  and  Gurley 13 1 

Figs.2,  2a,2&.  Posterior,  dorsal  and  ventral  views  of  large  specimen;  large  IBB,  RA  in  oblique 
position,  anal  x in  line  with  RR,  small  column-facet,  and  ventral  cavity. 

3,  3a,  4.  Ant.  iR  and  ventral  views  of  similar  specimen,  and  ant.  R view  of  another  more  elongate. 

5.  Specimen  with  long  arms  and  extremely  slender  elongate  brachials,  displaced. 

Beech  River  formation;  Decatur  County,  Tennessee. 

Thalamocrinus  cylindricus  Miller  and  Gurley 132 

Fig.  6.  Post,  view  of  unusually  large  specimen. 

7,  7a,  7b.  R.  post.,  basal  and  ventral  views  of  a typical  specimen,  with  RR,  anal  and  radianal 

plates  in  place. 

8,  8a.  R.  post,  and  ventral  views  of  short  specimen. 

9,  The  type;  extremely  elongate  calyx,  lacking  the  RR  anal  plates. 

Beech  River  formation;  Decatur  County,  Tennessee. 


Thalamocrinus  globosus  new  species 132 

Figs.  10,  loa,  10b.  R.  post.,  dorsal  and  ventral  views  of  the  only  specimen. 

Beech  River  formation;  Decatur  County,  Tennessee. 


Thalamocrinus  elongatus  new  species 132 

Fig.  II.  Extremely  large  and  elongate  Devonian  derivitive,  lacking  the  RR  and  anal  plates;  r.  post, 
view ; differs  from  all  the  others  in  the  wide  stem,  covering  the  entire  base. 

Linden  beds,  Helderbergian ; near  Camden,  Benton  County,  Tennessee. 

Petalocrinus  mirabalis  Weller 126 

Fig.  12.  A set  of  separate  arm-fans  as  usually  found,  artificially  mounted ; seen  from  the  ventral 
side,  showing  14  to  16  grooves. 

13.  Similar  set  of  arm-fans  from  dorsal  side,  showing  complete  fusion  of  arms  in  each  radius 

into  a rigid  plate. 

14.  A complete  crown  with  calyx  and  arms  in  place,  seen  from  the  dorsal  side,  but  the  fused 

radii  are  broken  away,  exposing  the  inner  floor  of  the  ventral  side,  with  the  grooves 
indicated  by  ridges,  in  which  covering  plates  are  shown  in  some  places.  Coll.  Univer- 
sity of  Iowa.  X 2. 

Ho'pkinton  stage  of  Niagaran ; Jones  County,  Iowa. 

Petalocrinus  inferior  Bather 127 

Fig.  15.  A nearly  complete  arm-fan,  from  ventral  side,  showing  28  grooves  symmetrically  divided 
in  halves;  angle  of  fan  70°.  X 3/2. 

15a.  Dorsal  side  of  same,  fused  to  a rigid  plate.  X 3/2. 

16.  Another  arm-fan  with  30  grooves  and  angle  of  65° ; small  part  missing  at  proximal  end. 

Laurel  formation ; St.  Paul,  Indiana. 
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Crotalocrinns  cora  (Hall) 129 

Fig.  17.  Cast  from  an  external  mould  showing  surface  markings,  3 ranges  of  calyx  plates,  and 
brachials  within  the  radial  facet. 

Racine  dolomite;  Chicago,  Illinois. 

Crotalocrinus  rugosus  (J.  S.  Miller) 128,  129 

Calyx  of  a small  specimen  from  Dudley,  England;  from  anal  side,  showing  characteristic 
sculpture. 

Detail  of  specimen  from  Gotland,  showing  arrangement  of  lower  brachials  at  dorsal  side. 

X2. 

Detail  of  ventral  side,  showing  covering  plates  of  ambulacra,  and  the  mode  of  connection 
of  arm-branches  by  small  lateral  processes  with  larger  spaces  between,  forming  a 
net-work  admitting  flexibility  of  the  leaf-like  radii.  X 3-  (Figures  after  Wachsmuth 
and  Springer.) 

Wenlockian ; England  and  Sweden. 

Crotalocrinus  pulcher  (Hisinger) ....128,130 

Fig.  21.  A nearly  complete  crown,  with  calyx  injured  by  erosion,  showing  the  radii  in  form  of 
reticulate  leaves  which  overlap  each  other.  For  comparison  with  the  analogous  rigid 
structures  of  Petalocrinus. 

Wenlockian;  Gotland,  Sv/eden. 
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Myelodactylus  ammonis  Batlier 86 

A close  coil,  with  stem  tapering  to  a point ; cuneate  interlocking  columnals,  with  a cirrus 
from  the  broad  end  of  each,  converging  to  center  completely  enveloping  the  crown. 

X 3/2. 

The  same  seen  from  outer  curve,  showing  the  rapid  taper  of  stem  to  narrow  distal  end; 
longitudinal  sutures  not  visible.  X 3/2. 

A similar  specimen  natural  size,  with  hour-glass  shaped  columnals  bearing  a cirrus  at  each 
end,  and  lenticular,  non-cirriferous  ossicles  interposed. 

The  same  from  outer  curve  tapering  to  a point ; longitudinal  sutures  strongly  developed. 

X 3/2- 

Similar  specimen  with  alternate  cuneate  columnals.  X 3/2. 

The  tapering  distal  end.  X 3/2. 

Form  of  the  cuneate  columnals  in  outline. 

A small  specimen  of  similar  type  to  last.  X 3/2- 

Fractured  specimen  having  paired  cirri  on  alternate  columnals.  X 3/2. 

Inner  view  of  fragment  showing  form  and  arrangement  of  columnals  for  the  paired  cirri, 
with  lenticular  ossicles  interposed.  X 3/2- 

Beech  River  formation;  Decatur  County,  Tennessee. 

Myelodactylus  convolutus  Hall 86 

Specimen  from  St.  Paul,  Indiana,  with  close  coil  and  beginning  of  broad  curve  of  stem ; 
cirri  not  preserved,  were  paired  at  each  end  of  successive  columnals,  as  shown  by  the 
facets. 

Specimen  from  the  typical  locality,  Lockport,  New  York,  showing  the  cirri  in  place,  one 
to  each  successive  columnal. 

Fragment  from  inner  side  of  curve,  showing  form  and  arrangement  of  paired  cirri  at 
each  end  of  successive  columnals. 

Laurel  and  Rochester  formations. 

Myelodactylus  brevis  Springer 86 

A nearly  complete  coil  tapering  to  distal  end,  with  paired  cirri  as  in  preceding  species. 

X 3/'2. 

Distal  end  of  same,  seen  from  outer  curve.  X 3/2. 

Beech  River  formation;  Decatur  County,  Tennessee. 

Myelodactylus  fletcheri  (Salter) 86 

Specimen  in  author’s  collection  with  the  crown  in  place,  which  is  detachable  for  inspection 
at  all  sides,  showing  that  it  has  only  4 radii.  X 2. 

b.  Posterior  and  anterior  views  of  crown;  anal  tube  in  a resting  upon  left  shoulder  of 
r.  post.  Rs,  indicating  its  Pleterocrinid  affinities.  X 6. 

Wenlockiaii ; Dudley,  England. 

Myelodactylus  extensus  Springer  87 

Large  specimen  with  stem  extended  about  8 cm.  beyond  the  close  coil,  nearly  straight,  not 
terminating  in  a point ; cirri  on  alternating  cuneate  columnals. 

Specimen  with  about  5 cm.  of  stem  beyond  deviation  from  close  coil,  and  proximal  reverse 
curve  in  view ; has  paired  cirri  on  hour-glass-shaped  columnals. 

Another  specimen  with  stem  extension  of  about  6.5  cm.,  tapering  near  the  end,  and  per- 
haps terminating  in  small  roots ; columnals  as  in  preceding  specimen. 

Large  specimen  with  unusually  small  c'ose  coil,  and  loose  coil  partially  restored,  extended 
for  about  12  cm.  not  yet  terminated ; cirri  paired  on  hour-glass  columnals. 

Smaller  specimen  with  much  of  extended  stem  broken  off ; crown  is  seen  following  re- 
versed curve,  calyx  indistinct;  cirri  alternating  on  cuneate  columnals.  X 3/2. 

Large  specimen  with  incomplete  stem  extension  about  7 cm. ; polished  section  obtained  by 
grinding  down  to  the  axial  canal,  showing  the  proximal  coil,  neck,  and  crown  in  out- 
line, with  scattered  cirri  in  some  places ; probably  has  less  than  5 rays. 

Specimen  with  only  the  close  coil  remaining,  having  tlie  cirri  complete  converging  in  the 
center. 

Specimen  from  the  Wenlockian  at  Dudley,  England,  with  paired  cirri  in  place  at  the  close 
coil,  and  stem  extended  far  beyond  that  region  not  yet  diminishing  distalwards. 

All  except  fig,  18  from  Beech  River  formation,  Decatur  County,  Tennessee. 
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Myelodactylus  brachiatus  Hall 87 

Fig.  19.  Complete  stem  with  crown  preserved,  with  long,  slender  proximal  neck  following  the 
reverse  curve  outside  of  principal  coil;  has  branching  cirri,  limited  to  distal  end. 

X3/2. 

Rochester  shale;  Lockport,  New  York. 

Myelodactylus  keyserensis  Springer 87 

Fig.  20.  Nearly  complete  specimen,  with  crown  fully  exposed  by  removal  of  cirri ; seen  from 
anterior  radius,  with  unbranched  posterior  radius  to  the  left;  cirri  paired  on  succes- 
sive columnals. 

20a.  Calyx  and  lower  part  of  arms,  from  left  anterior  radius.  X 2. 

Helderbergian,  Keyser  formation;  Keyser,  West  Virginia. 

Myelodactylus  schucherti  Springer 87 

Fig.  21.  The  type,  with  both  distal  and  proximal  portions  broken  off,  leaving  one  coil  of  the 
crescentic  region,  followed  by  the  reverse  curve  and  very  robust  proximal  neck 
which  has  alternate  lenticular  ossicles;  cirri  in  crescentic  region  paired  on  successive 
columnals. 

Helderbergian,  Linden  formation;  Benton  County,  Tennessee. 

Myelodactylus  nodosarius  (Hall) 87 

Fig.  22.  One  of  Hall’s  types,  showing  great  size  of  the  ponderous  cirri  compared  with  smaller 
stem,  and  bulbous  terminal  at  distal  end.  Coll.  New  York  State  Museum,  Albany. 

23.  Distal  end  of  stem,  showing  bulb,  cirri,  and  relative  size  of  small  first  cirrals.  Same 

collection. 

24.  Inner  side  of  same  structures  in  another  specimen.  Coll.  Yale  University  Museum. 

Helderbergian,  New  Scotland  formation;  Schoharie  County,  New  York. 

All  the  figures  on  this  plate  are  taken  from  the  author’s  work  on  “ Unusual  Forms 
of  Crinoids,”  Proc.  U.  S.  National  Museum,  vol.  67,  1026,  plates  r to  6. 
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(Figures  natural  size  unless  otherwise  stated) 

Cremacrinus  ulrichi  new  species 105 

Fig.  I.  Complete  crown  of  maximum  specimen,  with  nearly  entire  stem,  in  a partially  erect 
position ; anterior  view,  the  arms  somewhat  displaced ; r.  ant.  arm  smaller  than  ant., 
the  two  rami  of  the  latter  occupying  at  least  four  fifths  of  the  space  on  the  exposed 
side. 

2.  Another  crown,  ant.  view,  showing  the  dwarfed  r.  ant.  ramus  rather  better  than  the 
preceding. 

Beech  River  formation ; Decatur  County,  Tennessee. 

Cremacrinus  tubuliferus  new  species 106 

Fig.  3.  Complete  crown  seen  from  the  median  arm  transversely  flattened,  but  free  on  both  sides; 
showing  quadrangular  inferradial. 

3a.  L.  post,  view  of  same,  enlarged,  showing  median  arm  with  2 brachials  beyond  IBr ; the 
large  curved  anal  tube  free  from  the  arms  lying  to  the  left  of  stem ; 1.  post,  arm  divid- 
ing into  2 symmetrical  rami  each  with  8 bifurcations,  and  9 long  ramifies.  X 2. 

3b.  Anterior  view  of  same,  showing  ant.  arm  with  about  6 visible  branches  to  each  ramus ; 

r.  ant.  arm  dwarfed  to  about  one  fourth  the  size  of  ant.,  with  3 short  remnants  of 
ramifies  on  one  side.  X 2. 

4.  Median  view  of  another  complete  crown  free  on  both  sides. 

4a.  L.  post,  view  of  same,  showing  arm  with  8 and  9 long  ramifies  to  each  ramus,  and  other 
features  similar  to  3a.  X 2. 

4b.  Ant.  view  of  same,  showing  by  the  diminutive  branches  lying  against  the  tube  all  that  is 
left  of  the  dwarfed  r.  ant.  arm — less  than  one  fourth  the  size  of  ant.  X 2. 

5.  Complete  crown  in  recumbent  position  upon  long  stem,  with  tube  bent  like  a bow;  from 

ant.  side,  showing  the  two  unequal  arms.  X .I/2. 

5a.  Anterior  view  of  calyx,  showing  segments  of  1.  ant.  R.  X 3/2. 

6.  Another  crown  similar  to  last,  with  peculiar  hypertrophy  of  ramus  of  ant.  arm.  X 2. 

Beech  River  formation;  Decatur  County,  Tennessee. 

Cremacrinus  decatur  new  species 107 

Fig.  7.  Anterior  view  of  the  only  specimen,  a nearly  complete  crown,  showing  the  very  stout 
median  arm,  and  diminished  r.  ant.  arm.  X 3/2. 

Decatur  limestone;  near  Rise  Mill,  Perry  County,  Tennessee. 

Cremacrinus  simplex  new'  species 107 

Fig.  8.  The  only  specimen ; 1.  post,  view  of  crown,  showing  the  ray  dividing  symmetrically,  with 
further  bifurcations  giving  6 branches  in  all,  more  or  less  dichotomous;  stem  at  right 
of  anal  tube.  X 2. 

8a.  Anterior  view,  showing  two  arms,  ant.  somewhat  dwarfed.  X 2. 

Beech  River  formation;  Decatur  County,  Tennessee. 

Cremacrinus  articulosus  (Billings) 108 

Fig.  9.  L.  post,  view  of  crowm,  showing  the  long  median  arm  in  profile,  bifurcating  near  the  end; 

the  two  rami  of  1.  post,  arm  with  their  7 or  8 zig-zag  articulations,  bearing  long 
ramules. 

ro.  A complete  crown  in  closed  position  on  stem ; ant.  view  showing  long  median  arm  in 
profile,  the  2 rami  of  ant.  arm  fully  developed  about  as  long  as  median  arm,  and 
r.  ant.  arm  reduced  to  less  than  half  its  size. 

11.  A smaller  crown,  for  comparison  of  arms  and  position  of  stem. 

12.  Basal  view  of  another  calyx,  showing  hinge,  and  the  2 connected  segments  of  1.  ant.  R. 

13.  Large  specimen  from  Woodford  County,  Kentucky,  anterior  view. 

Trenton  group,  Ordovician;  all  except  13  from  Kirkfield,  Ontario. 
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Cremacrinus  kentuckiensis  (Miller  and  Gurley) 109 

L.  ant.  view  of  crown,  showing  long  median  arm  bifurcating  on  14th  brachial. 

Posterior  view  of  same,  turned  to  bring  stem  to  middle,  which  is  the  plane  of  bilateral 
symmetry;  tube  projecting  at  distal  end. 

Post,  view  of  another  crown,  showing  anal  tube  in  middle  with  stem  to  the  right;  one 
ramus  of  diminished  r.  ant.  arm  seen  at  right,  to  be  compared  with  ramus  of  1.  post, 
arm  at  left. 

Trenton  group,  Ordovician;  Mercer  County,  Kentucky. 

Cremacrinus  punctatus  Ulrich no 

The  type  specimen;  1.  post,  view  of  crown. 

Ant.  view  of  same;  lower  part  of  r.  ant.  arm  broken  away  but  some  distal  branches 
remaining. 

R.  post,  view  of  a typical  specimen  with  the  hinged  base  closed,  showing  anal  plates  and 
eccentric  position  of  stem  to  right  of  them;  4th  (r.  ant.)  arm  in  place;  superradials 
and  inferradials  of  r.  post,  and  r.  ant.  arms,  with  edges  of  the  former  deeply  indented 
by  pressure  of  stem ; also  the  4 unfused  basals.  X 2. 

Ant.  view  of  similar  specimen  with  the  4th  arm  (r.  ant.)  in  view  alongside  of  ant.  arm. 

X2. 

R.  post,  view  of  same.  X 3/2. 

Similar  view  of  better  preserved  specimen,  showing  more  fully  the  two  lateral  arms  with 
their  bifurcations,  and  the  median  arm  in  profile  at  the  right.  X 2. 

Calyx  of  another  specimen  seen  from  the  hinge,  with  its  widely  gaping  fissure  lodging 
numerous  “ supplementary  ” plates,  and  its  denticulate  margin ; also  the  4 unfused 
basals,  and  the  elongate  inferradial. 

The  same  enlarged,  showing  the  hinge  in  greater  detail.  X 2. 

Black  River  (Decorah),  Ordovician;  Minneapolis,  Minn. 

Calceocrinus  bassleri  new  species 117 

A complete  crown  in  partially  erect  position,  with  nearly  entire  stem  attached;  median 
and  adjoining  arms  shown  to  full  length,  with  large  ramules  continuous  with  the 
outer  Betabrachs  forming  the  most  conspicuous  part,  while  the  main  element  of  the 
axil-arms  is  visible  in  some  places ; hinge  between  radials  and  basals  well  shown. 

Beech  River  formation;  Decatur  County,  Tennessee. 
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(All  figures  natural  size  unless  otherwise  stated)  p 

Eucheirocrinus  chrysalis  (Hall) 

Figs.  I,  la,  ib,  if.  Ant.,  1.  ant.,  post,  and  basal  views  of  the  type  specimen,  showing  the  single  lateral 
arm,  narrow  tapering  inferradial,  and  large  size  of  median  arm. 

2.  Basal  view  of  calyx  of  another  specimen,  reversed;  to  show  the  4 unfused  basal  plates. 

X 3/2. 

3-  Complete  crown,  showing  arms  to  full  length,  recumbent  on  stem.  Type  of  Proclivocrinus 
radiculus  Ring. 

Rochester  shale;  Lockport,  New  York. 

Eucheirocrinus  indianensis  (S.  A.  Miller) 

Figs. 4,  40, 4b.  L.  art.,  and  basal  views  of  type.  X 2. 

Laurel  limestone;  St.  Paul,  Indiana. 

Eucheirocrinus  minor  new  species 

Complete  crown,  recumbent,  with  stem  to  about  its  full  length ; 1.  post,  view,  showing 
great  length  of  brachials  in  median  arm,  and  dichotomous  branching  of  lateral  arm. 

X 5/3- 

Lower  part  of  same  from  anterior  side,  showing  base  of  arms.  X 5/3- 
L.  ant.  view  of  calyx,  showing  connection  of  segments.  X .5/3- 
Beech  River  formation;  Decatur  County,  Tennessee. 

Eucheirocrinus  anglicus  new  species 112, 

Complete  crown  from  1.  post,  side,  showing  ponderous  character  of  arms,  and  part  of 
branchings  of  median  arm.  X 2. 

Shaded  diagram  from  1.  ant.  view,  showing  calyx  and  complete  bifurcation  of  median 
arm.  X 3/2.  See  also  text-fig.  sc. 

Wenlockian,  Silurian  ; Dudley,  England. 

Calceocrinus  foerstei  new  species 

Figs./,  7a,  7(1.  L.  post.,  1.  ant.,  and  post,  views  of  crown,  the  two  segments  of  1.  ant.  R.  connected, 
inferradial  elongate  quadrilateral ; 1.  ant.  arm  complete,  unbranched ; main  branch  of 
axil-arms  entirely  concealed  by  large  ramules  from  outer  Betabrachs ; anal  plates 
much  foreshortened  owing  to  curvature ; 7(7  shows  several  plates  of  anal  tube  pro- 
jecting  beyond  arms. 

8.  8a,  8b.  Similar  views  of  smaller  specimen,  also  showing  anal  tube. 

9.  Complete  crown  with  stem,  in  partially  erect  position;  tube  projecting. 

10.  A distorted  crown,  probably  of  this  species. 

11.  Set  of  arms  of  unusual  .size,  with  7 axil-arms,  probably  of  this  species;  to  be  compared 

with  C.  tena.r  Bather,  of  Gotland. 

Encalyptocrinus  zone.  Beech  River  formation;  Decatur  County,  Tennessee. 

Calceocrinus  bassleri  new  species 

Figs.  12,  12a,  12(7.  L.  post.,  1.  ant.  and  post,  views  of  crown,  showing  the  two  triangular  segments  of 
1.  ant.  R.  separated  by  the  large  RR  meeting  between  them;  1.  ant.  arm  simple;  main 
branch  of  axil-arms  partly  exposed  at  inner  side  of  large  ramule;  anal  tube  projecting 
beyond  the  arms. 

I2r.  The  hinge,  showing  structures  when  base  is  closed  upon  radials. 

13.  A large  crown  with  calyx  plates  slightly  displaced,  giving  1.  post,  view  of  arms  with 

1.  ant.  exposure  of  calyx  and  large  median  arm ; main  branch  of  axil-arms  well 
exposed  at  inner  side  of  large  ramules,  showing  two  more  bifurcations. 

13a.  Another  view  of  hinge. 

14.  L.  post,  view  of  still  larger  crown  with  part  of  stem,  showing  very  short  columnals ; 

main  branch  of  axil-arms  nodose  and  further  bifurcating.  In  this  specimen  the  two 
segments  of  1.  ant.  R.  almost  connect  by  their  points.  (See  also  pi.  28,  fig.  21.) 

Horizon  and  locality,  same  as  last. 


Fig.  s. 


Fig.  6. 
6a. 
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Calceocrinus  bifurcatus  new  species 117 

Fig.  15.  Crown  in  completely  recumbent  position,  closed  over  the  stem ; main  branch  of  axil- 
arms  folded  under,  and  only  the  large  outer  ramule  visible. 

15a.  L.  ant.  view  of  same,  showing  rather  slender  median  arm,  bifurcating  on  4th  brachial, 
and  2 or  3 times  beyond  to  at  least  8 finials ; segments  of  1.  ant.  R separated. 
iSb.  Post,  view,  showing  relation  of  stem  to  anal  plates,  with  deep  indentation;  tube  projecting. 
Coccocrinus  zone  of  Beech  River  formation;  Decatur  County,  Tennessee. 


Calceocrinus  stigmatus  Hall 118 

Fig.  16.  L.  ant.  view  of  type.  After  Hall.  Am.  Mus.  Nat.  Hist. 

Waldron  shale,  Niagaran;  Waldron,  Indiana. 


Calceocrinus  typus  Ringueberg 118 

Fig.  17.  Ringueberg’s  type  specimen;  ant.  view  showing  large  median  arm  in  profile,  and  the  axil- 
arm  system  well  developed. 
lyb.  Base  of  same. 

Calceocrinus  Hall  118 

Fig.  18.  The  original  figure.  After  Hall. 

Calceocrinus  halli  Ringueberg  119 

Fig.  19.  Ringueberg’s  type;  consolidated  left  basal. 

Rochester  shale;  Lockpcrt,  New  York. 

Calceocrinus  nitidus  Bather 119 

Fig.  20.  Complete  crown  recumbent  on  stem,  1.  post,  view;  showing  extreme  length  of  median 
arm ; main  branch  of  axil-arms  hidden  by  outer  ramules ; only  one  primibrach  in 
lateral  arms. 

Wenlockian,  Silurian;  Dudley,  England. 

Calceocrinus  pugil  Bather 120 

Fig.  21.  Crown  with  short  median  arm,  1.  post,  view;  main  branches  of  axil-arms  unusually  de- 
veloped, larger  than  the  outer  ramules ; axillaries  strongly  nodose. 

Wenlockian,  Silurian;  Gotland,  Sweden. 


Halysiocrinus  keyserensis  new  species 121 

Fig.  22.  Ant.  view  of  crown,  showing  median  arm  in  profile,  and  axil-arms  with  main  branches 
visible  at  inner  side. 

Helderbergian,  Lower  Devonian ; Keyser,  West  Virginia. 

Halysiocrinus  marylandensis  (Ohern) 122 

F1GS.23, 23a,  23fi.  L.  post.,  1.  ant.  and  post,  views  of  crown;  showing  large  median  arm,  segments 
of  R separated,  inferradials  of  vanished  arms  meeting  under  anal  x,  main  branches 
of  axil-arms  more  or  less  visible.  Coll.  Geol.  Surv.  Maryland. 

Oriskany  sandstone.  Lower  Devonian;  Cumberland,  Md. 

Halysiocrinus  carinatus  new  species 122 

F1GS.24, 24a.  L.  ant.  and  post,  views  of  crown;  showing  small  size  of  keeled  median  arm,  and 
sharply  angular  anal  tube  deeply  indented  in  lower  part  by  pressure  of  stem.  Alpena, 
Michigan. 

25.  Calyx  of  another  specimen;  1.  ant.  view  showing  hinge,  and  separated  segments.  New 
Buffalo,  Iowa. 

. 26.  Another  specimen  probably  of  this  species  from  near  Louisville;  1.  ant.  view.  Clark 
County,  Indiana. 

Hamilton  group.  Middle  Devonian ; Michigan,  Iowa  and  Indiana. 
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(Figures  natural  size  unless  otherwise  stated) 

Halysiocrinus  dactylus  (Hall) 123 

Fig.  I.  The  type  specimen,  anterior  view.  Mus.  Comp.  ZooL,  Harvard. 

2.  Ant.  view  of  free  crown  in  author’s  collection,  with  main  ramus  of  axil-arms  branching 

from  nodose  axillaries  2 and  3 times  at  intervals  of  3 and  4 brachials ; ant.  R.  extend- 
ing far  around  towards  anal  tube. 

2a.  L.  ant.  view  of  sam.e,  showing  median  arm  branching  twice,  proportions  of  lateral  radials 
and  separated  segments  of  1.  ant.  R. 

2h.  Post,  view  of  same ; hinged  base  closed  against  RR ; inferradials  of  vanished  arms  inter- 
posed between  large  RR,  and  m.eeting  below  anal  .v,  forming  part  of  base  of  tube. 

3,  3a.  A very  young  specimen  probably  of  this  species ; crown  with  complete  stem,  2 opposite 

views,  enlarged ; shows  calyx  higher  than  wide,  narrowing  downwards ; 1.  post,  view 
shows  only  one  axil-arm  and  anal  tube,  and  ant.  view  shows  2 arms  and  tube.  X 2. 

Upper  Burlington  limestone ; Burlington,  Iowa. 


Halysiocrinus  perplexus  (Shumard) 123 

Figs. 4,  5.  L.  ant.  views  of  calyx,  showing  the  hinge  between  radials  and  basals  in  position  as  they 
would  be  when  fully  extended;  composed  from  weathered  specimens  with  the  two 
elements  separate ; markings  of  muscular  attachment  seen  in  the  fissure,  and  different 
tubercular  ornament  upon  the  surface. 

6.  Another  specimen  similarly  composed,  seen  from  the  interior,  showing  the  same  structures 

from  the  opposite  side ; marks  of  muscular  attachment  at  inner  surface  of  RR  and 
BB ; edges  of  opposing  plates  rounded ; articular  faces  of  median  and  lateral  arms 
are  shown,  and  the  cavity  which  lodged  the  viscera. 

7.  Post,  view  of  specimen  with  BB  partly  closed,  their  edges  rounded,  and  showing  arrange- 

ment of  RR  from  the  interior. 

8.  9,  10.  A series  of  radials  to  show  the  change  in  form  with  age  from  elongate  with  nearly 

parallel  sides  to  relatively  short  and  widely  spreading  downwards. 

II,  12, 13.  A series  of  bases  seen  from  the  interior. 

New  Providence  shale,  basal  Mississippian ; Button-mould  Knob,  Kentucky. 


Fig.  14. 


Halysiocrinus 

Post,  view  of  calyx,  with  basals  closed  ; 


16. 

i6a. 


20,  21 


nodosus  (Hall) 124 

gainst  the  lateral  radials  which  have  extended 
around  to  the  anal  series ; inferradials  of  vanished  arms  now  meeting  between  them 
and  below  anal  .r,  and  indented  by  stem. 

Crown  with  the  hinged  basals  widely  opened  until  the  stem  is  almost  in  line  with  the 
median  arm ; bifurcations  of  main  branch  of  axil-arms  well  shown. 

L.  ant.  view  of  crown,  giving  direct  view  of  bifurcations  of  median  arm  to  about  10  finials. 

Post,  view  of  same,  with  hinged  basals  tightly  closed  against  radials,  inferradials  of 
vanished  arms  meeting  below  anals  and  Indented  by  stem;  anal  plates  but  little  visi- 
ble at  base,  but  tube  projects  at  distal  end. 

A typical  complete  crown  in  “ humped  ” position  recumbent  upon  the  stem,  with  semi- 
elliptical outline;  median  arm  bifurcates  on  6th  brachial,  and  axil-arms  at  intervals 
of  3 and  4. 

A larger  specimen  in  similar  position,  with  stem  underneath ; showing  the  complete 
branching  of  the  median  arm  on  7th  brachial  to  a total  of  10  finials. 

A large  crown  closely  recumbent  upon  tbe  stem,  with  arms  partly  overlapping  it.  Main 
branch  of  axil-arms  well  exposed  in  the  last  five  specimens. 

Ant.  and  1.  post,  views  of  two  young  specimens  with  elongate  calyx,  only  3 axil-arms, 
and  median  arm  branching  once  and  twice. 

Keokuk  shale,  Mississippian;  Indian  Creek,  Indiana. 
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Fig.  I. 


(Figures  natural  size  unless  otherwise  stated) 

Ampheristccrinus  typus  Hall 

Complete  crown  with  very  delicate  arms,  sharply  angular  calyx  and  long  stem. 
Beech  River  formation;  Decatur  County,  Tennessee. 
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Cyathocrimis  decatur  new  species 134 

Fig.  2.  Crown  with  long  arms  and  stem,  and  smooth,  elongate  calyx. 

Beech  River  formation;  Decatur  County,  Tennessee. 


Cyathocrinus  wilsoni  new  species 134 

Fig.  3.  Crown  with  very  long  brachials  and  conical  calyx ; r.  ant.  iR  view.  X 3/2. 

3(1.  Posterior  side  of  calyx,  showing  anal  plate.  X 3/2. 

Laurel  limestone;  St.  Paul,  Indiana. 


Cyathocrinus  cf.  striolatus  Angelin 134 

Figs. 4,  5.  Post,  and  r.  ant.  views  of  two  calices,  with  ridges  passing  from  BB  to  adjoining  plates. 

X 3/2. 

6,  6a.  Post,  and  dorsal  views  of  similar  specimen  with  one  IB  smaller  than  the  rest.  X 3/2. 

6h.  R.  ant.  view  of  same,  showing  small  IB.  X 5/2. 

7.  L.  ant.  view  of  specimen  having  6 IBB.  X 3/2. 

Laurel  limestone;  St.  Paul,  Indiana. 

Parisocrinus  siluricus  new  species 135 

Fig.  8.  Crown  with  arms  in  place,  and  part  of  stem ; ant.  view.  X 3/2. 

80.  L.  post,  view  of  same,  with  massive  anal  tube.  X 3/2. 

Laurel  limestone;  St.  Paul,  Indiana. 

Botryocrinus  tenuidactylus  new  species 137 

Fig.  9.  A set  of  arms  with  calyx  wanting,  having  strong  ramules  bearing  slender  pinnules. 

Beech  River  formation;  Decatur  County,  Tennessee. 

Botryocrinus  polyxo  (Hall) 138 

Fig.  10.  Calyx  showing  form  and  position  of  RA. 

Waldron  shale;  Hartsville,  Indiana. 

( ?)Lecythiocrinus  problematicus  new  species 133 

Figs.  II,  iia,  iib.  Post,  dorsal  and  ventral  views  of  the  only  specimen,  with  anal  opening  below 
level  of  RR,  which  close  above  it ; 3 small,  unequal  IBB ; very  large  RR,  and  tegmen 
apparently  composed  of  a few  large  plates.  X 3. 

Laurel  limestone;  St  Paul,  Indiana. 


Parastephanocrinus  intermedins  new  genus  and  species 139 

Figs.  12, 12a,  12b.  Post.,  dorsal  and  ventral  views  of  unique  specimen,  showing  anal  opening  in  line 
with  RR  directly  over  post.  B;  5 IBB  at  bottom  of  deep  cavity;  forked  RR  with  sinus 
for  food-grooves  passing  in  to  central  cavity ; tegmen  not  preserved.  X 2. 

I2C.  Detail  of  RR  and  food  grooves.  X 4- 

Louisville  limestone;  near  Bob,  Decatur  County,  Tennessee. 
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Stephanocrinus  angulatus  Conrad 139 

Fig.  13.  Post.  iR  view  of  specimen  with  about  the  usual  elongate  form,  showing  sculptured  .sur- 
face and  vertical  ridges.  X 2. 

14.  Specimen  showing  the  extreme  of  elongation  the  species  sometimes  assumes;  1.  ant.  iR 

view.  X 2. 

15.  Lateral  view  of  specimen  with  cluster  of  biserial  arms  in  place.  X 2. 
iSa.  The  same  radius  from  a slightly  different  angle,  enlarged.  X 4- 

16.  Tegminal  view  of  specimen  showing  orals  and  ambulacral  grooves;  anus  seen  covered 

by  pyramid  of  small  plates.  X 2. 

Rochester  shale ; Lockport,  New  York. 

Stephanocrinus  gemmiformis  Hall 140 

Fig.  17.  Lateral  view  of  calyx,  low  and  rotund,  without  ornament,  showing  fork  of  RR.  X 2. 

18.  Tegmen  of  another  specimen,  showing  orals,  ambulacra  and  anal  opening.  X 2. 

19, 19a.  Lateral  and  ventral  views  of  similar  specimen  from  Flatwoods,  Tennessee. 

Waldron  shale;  Newsom,  Tennessee,  except  19,  which  may  be  from  Beech  River 
formation. 
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(Figures  natural  size  unless  otherwise  stated) 

Gissocrinus  lyoni  new  species I35 

Figs.i,  icr.  Nearly  complete  crown,  showing  arms,  anal  series,  and  3 IBB;  posterior  and  dorsal 
views. 

Louisville  limestone;  Jefferson  County,  Kentucky. 

Gissocrinus  delicatus  new  species 136 

Fig.  2.  Crown  with  extremely  slender  arms,  and  anal  series  passing  into  a tube. 

Beech  River  formation;  Decatur  County,  Tennessee. 

Gissocrinus  magnibrachiatus  new  species 136 

Fig.  3.  Crown  with  parts  of  arms  and  stem ; calyx  small  with  plates  displaced ; shows  dorsal 
aspect  of  the  huge  brachials,  with  the  small  connecting  or  “ patelloid  ” articulating 
plates  between  them,  usually  two  in  succession. 

4.  Fragment  containing  a few  of  the  large  brachials — one  axillary  with  double  articulation 

at  distal  end. 

5.  Dorsal  side  of  a better  preserved  set  of  arms,  showing  2 and  3 “patelloid”  plates,  and 

several  axillary  brachials  with  double  articulation. 

6.  Another  partial  set  of  arms,  exposing  both  dorsal  and  ventral  sides,  the  latter  with  the 

food-grooves  completely  covered.  X 2. 

Beech  River  formation;  Decatur  County,  Tennessee. 

Gissocrinus  approximatus  new  species 137 

Figs.  7,  8.  Fragments  of  isolated  axillary  brachials  somewhat  similar  to  the  preceding,  but  appar- 
ently lacking  the  “ patelloid  ” plates ; food  groove  open  and  covered.  X 3/2. 

9.  Another  axillary  brachial,  almost  complete,  extremely  elongate ; natural  size. 

Laurel  limestone;  St.  Paul,  Indiana. 

Gissocrinus  quadratus  new  species 137 

Fig.  10.  An  axillary  plate  and  two  following  it,  smaller  and  with  rectangular  brachials,  also  with- 
out “ patelloid  ” plates ; food-grooves  open.  X 3/2. 

II.  Part  of  an  arm,  with  food-groove  covered.  X 3/2. 

Horizon  and  locality,  same  as  last. 
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(All  figures  natural  size  unless  otherwise  stated)  page' 

Troostocrinus  reinwardti  (Troost) 14 1 

Figs,  i,  2.  R.  ant.  and  post,  views  of  average  specimens. 

3.  R.  post,  view  of  similar  specimen  with  part  of  stem. 

4,  5,  6.  Lateral  views  of  3 small  specimens. 

7.  Ant.  view  of  maximum  specimen. 

8.  Specimen  with  the  brachioles  in  place.  X 2. 

Troostocrinus  zone  of  Beech  River  formation;  Decatur  and  adjoining  counties, 


Tennessee. 

Troostocrinus  sanctipaulensis  Foerste  14 1 

Fig.  9.  Imperfect  specimen  from  the  Laurel,  St.  Paul,  Indiana. 

Tetracystis  fenestra tus  Schuchert 14 1 


Fig.  10.  Post,  view,  showing  pectinirhomb  and  one  food-groove  complete  to  base;  also  doubled 
hydropore. 

11.  R.  ant.  view  with  rhomb,  showing  large  size  of  .stem. 

12.  L.  post,  view,  showing  lower  rhomb  and  one  food  groove. 

13.  R.  post,  view,  showing  anus  and  1.  p.  food-groove,  with  some  of  the  lower  brachioles  in 

place. 

14.  Ventral  aspect,  showing  the  4 food-grooves,  and  single  hydropore. 

Beech  River  formation;  Decatur  County,  Tennessee. 


Stribalocystites  gorbyi  S.  A.  Miller 142 

Figs.  IS,  16.  L.  post,  and  ventral  views  of  typical  specimen.  X 2. 

17.  Specimen  with  folds  strongly  elevated  and  pores  protruding  with  raised  margins;  post. 

view.  X 2. 

18.  Specimen  with  pores  prominent,  but  folds  ill  defined.  X 2. 

Laurel  limestone;  St.  Paul,  Indiana. 

Lysocystites  sculptus  (S.  A.  Miller) 142 

Fig,  19.  R.  post,  view  of  large  elongate  specimen  showing  striation  and  tubular  folds,  the  latter 
broken  in  several  places. 

20.  Ventral  view  of  similar  specimen,  showing  anal  opening,  and  small  area  for  tegmen. 

21.  Small,  rotund  specimen,  showing  surface  structure  and  proportions  of  the  3 ranges  of 

plates  ; r.  ant.  view.  X 2. 

22.  Ventral  view  of  still  smaller  specimen  showing  anus,  and  tegmen  covered  by  a few  small 

plates.  X 2. 

Laurel  limestone;  St.  Paul,  Indiana. 

Caryocrinus  bulbulus  Miller  and  Gurley 143 

Figs.  23,  24, 25.  R.  post.,  basal  and  ventral  views  of  typical  smooth  specimen. 

26,27.  L.  post,  and  1.  ant.  views  of  specimens  with  median  protuberance  on  BB,  and  protrud- 
ing pores. 

Beech  River  formation;  Decatur  County,  Tennessee. 

Caryocrinus  persculptus  new  species 143 

Fig.  28.  R.  ant.  view  of  specimen  with  pores  coalesced  into  rugose  ridges. 

Waldron  formation;  Newsom,  Tennessee. 
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Caryocrinus  milliganae  Miller  and  Gurley 143 

Fig.  29.  The  type,  formerly  in  the  collection  of  Mrs.  J.  M.  Milligan;  post,  view;  of  the  pear-shaped 
contour  as  is  most  frequent ; shows  the  stereom  folds  with  pores  running  in  lines  to 
angles  of  plates. 

30,  31,  32,  33.  Lateral  and  ventral  views  of  specimens  of  varying  contour,  with  sharper  folds, 
and  pores  outlined  by  raised  margins. 

34.  Specimen  with  coarser  folds,  post.  view. 

35,  36.  Ant.  and  1.  post,  views  of  two  maximum  elongate  specimens,  with  folds  and  pores  well 

defined. 

Beech  River  formation;  Decatur  County,  Tennessee. 

Caryocrinus  omatus  Say 143 

Fig.  37.  L.  ant.  view,  showing  biserial,  pinnulate  arms,  with  pores  sharply  defined. 

Rochester  shale;  Lockport,  New  York. 
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